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TRANSLATOR'S PREFACE 



The success of Professor Gattermann's book in the original 
has warranted its reproduction in English. The translation is 
intended for those students of chemistry who have not yet 
become sufficiently familiar with scientific German to be able 
to read it accurately without constant reference to a dictionary. 
To such students this translation is offered, in the hope that it 
will increase their interest in the science without causing a cor- 
responding decrease in their efforts to acquire a knowledge of 
German, which is indispensable to every well-trained chemist. 

My grateful acknowledgments are due to my colleague, Dr. 
H. M. Ullmann, for many valuable suggestions, and to Professor 
Gattermann for his courtesy in pointing out several inaccuracies 
in the German edition. 

WILLIAM B. SCHOBER. 

South Bethlehem, Pennsylvania, 
April, 1896. 




The present book has resulted primarily from the private needs 
of the author. If one is obliged to initiate a large number of 
students at the same time into organic laboratory work, it is 
frequently impossible, even with the best intentions, to direct the 
attention of each individual to the innumerable details of labo- 
ratory methods. In order that students, even in the absence of 
the instructor, can gain the assistance necessary for the carrying 
out of the common operations, a General Part, dealing with 
crystallisation, distillation, drying, analytical operations, etc, is 
given before the special directions for Preparations. In the 
composition of this General Part, it has been considered of 
more value to describe the most important operations in such 
a way that the beginner may be able to carry out the directions 
independenrty, rather than to give as fiilly as possible the numer- 
ous modifications of individual operations. In the Special Part, 
to each preparation are added general observations, which relate 
to the character and general significance of the reaction carried 
out in practice ; and the result follows, that the student during 
the period given to laboratory work, becomes familiar with the 
most varied theoretical knowledge, which, acquired under these 
conditions adheres more firmly, as is well known, than if that 
knowledge were obtained exclusively from a purely theoretical 
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book. And so the author hopes that his book, along with the 
excellent " Introductions " of E. Fischer and Levy, may here and 
there win some friends. 

For the assistance given by his colleagues, in pointing out* 
deficiencies of his work, the author will always be grateful. 

GATTERMANN. 
Heidelberg, August, 1894* 



PREFACE TO THE SECOND AMERICAN 

EDITION 



In the preparation of this new edition advantage has been 
taken of the opportunity offered to correct a number of errors 
in the first edition, and to make the text a reproduction of 
the fourth German edition of Professor Gattermann*s book. In 
many cases the laboratory directions have been improved, a 
number of new illustrations have been added, and the Special 
Part now includes methods for the preparation of glycol, di- 
methylcyclohexenone, s-xylenol, phenylhydroxylamine, nitroso- 
benzene, p-tolyl aldehyde (Gattermann-Koch synthesis), salicylic 
aldehyde (Reimer and Tiemann's oxyaldehyde synthesis), cuprous 
chloride, the decomposition of inactive mandelic acid into its 
active constituents, and a zinc dust determination. The prepara- 
tions of acetylene and acetylene tetrabromide have been omitted. 



WILLIAM B. SCHOBER. 



South Bethlehem, Pennsylvania, 
May, 1 901. 



PREFACE TO THE THIRD AMERICAN 
EDITION 

During my absence from the University on sick leave, my 
colleague, Professor Vahan S. Babasinian, has undertaken the 
entire labor and responsibility, — including the translation, edit- 
ing, ajid reading the proofs, — involved io the preparation of the 
new edition of this book. To him, therefore, is due all the credit 
for the satisfactory results presented in the following pages. 
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WILLIAM : 



SCHOBER. 



rs new edition is a reproduction of the eleventh German 
edition of Professor Gattermann'a book. A number of errors in 
the second edition have been corrected, four new illustrations 
have been added, improved methods for the preparation of ethyl- 
ene, glycol and carbon monoxide have been outlined, Dennstedt'a 
Method of Analysis and Grignard's Reaction have been fully de- 
scribed. This edition contains also discussions of the theoretical 
grounds upon which rest the processes of distillation with steam, 
salting out, separation by extraction and esterification, 

VAHAN S. BABASINIAN. t^ 

South Bethlehem, Phnnsvlvania, 

September, 1913. 
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GENERAL PART 



Solvents. — As solvents for organic ( 
^bstances are principally used : 

CiAss I. Water, 
Alcohol, 



mpounds, the followii^' 



Ether, 

LigroTn (Petroleum Ether), 

Glacial Acetic Acid, 

Benzene. 

Also mixtures of these : 

Class II. Water + Alcohol, 

Water + Glacial Acetic Acid, 
Ether + LigroTn, 
Benzene + Ligrorn. 

Less frequently used than these are : hydrochloric acid, carbon 
^disulphide, acetone, chloroform, ethyl acetate, methyl alcohol, 
amy] alcohol, toluene, xylene, solvent naphtha, etc. 

But rarely used are : pyridine, naphthalene, phenol, nitro- 
[ benzene, aniline, and others. 

I Choice of the Solvent. — The choice of a suitable solvent is 
often of great influence upon the success of an experiment, in that 
a solid compound does not assume a completely characteristic 
appearance until it is uniformly crystallised. In order to find the 
most appropriate solvent, preliminary experiments are made in 
following manner: successive small portions of the finely 
d substance (a few milligrammes will suffice) are treated 
n jwa// test-tubes, with small quantities of the solvents of Class I. 
I If solution takes place at the ordinary temperature, or on gentle 
f heating, the solvent in question is, provisionally, left out of con- 
1. The remaining portions are healed to boiUng, until, 
after the addition of more of the solvent if necessary, solutiott 
fctakes place. The tubes are now cooled by contact with cold 
' irater, and an observation will show in which tube crystals have 
Separated in the largest quantity. At times crystallisation does 
fnot occur on mere cooling ; in this case the walls of the vessel 
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are rubbed with a sharp-angled glass rod, or the solution is 
" seeded," i.e. a small crystal of the crude product is placed in the 
solution ; by this means, crystallisation is frequently induced. If 
the individual solvents of Class I. are shown to be unsuitable, 
experiments are made with the mixtures, — Class II. Compounds 

I which are easily soluble in alcohol or glacial acetic acid, and 
which consequently do not separate out on cooling, are, as a rule, 
difficultly soluble in water. In order to determine whether a 
separation of crystals will lake place on cooling, the hot solutions 
in the pure solvents are treated with more or less water, according 
to the conditions. Substances easily soluble in ether, benzene, 

I toluene, etc., often dissolve in ligroin with difficulty. Hence 
mixtures of these solvents can be frequently utilised with ad- 
vantage, in the manner just described. If these experiments have 
shown several solvents to be suitable, the portions under examina- 
tion are again heated until solution takes place, and this time 
are allowed to cool slowly. That solvent from which the best 
crystals separate in the largest quantity is selected for the crystal- 
lisation of the entire quantity of the substance. If a substance 
is easily soluble in all solvents, recourse must be had to crystallisa- 
tion by evaporation, i.e. by allowing the different solutions to stand 
some time in watch-glasses. That solvent from which crystals 
separate out first is the most suitable. Frequently a compound 
dissolves in a solvent only on heating and yet does not crystallise 
out again on cooling ; compounds of this class are said to be 
"sluggish" (trage). In this case, the solution may be allowed to 
stand for some time, if necessary over night, in a cool place. If 
a compound is very difficultly soluble, solvents with high boiling- 
points are used, as toluene, xylene, nitrobenzene, aniline, phenol, 
and others. The crystals obtained in these preliminary experi- 
ments, especially if they are of easily soluble substances, are pre- 
served, so that if from the main mass of the substance no crystals 
can be obtained, the solution may be seeded, thus inducing crystalli- 
sation. The crystallisation of substances which boil without decom- 
position may often be facilitated by first subjecting them to distillation. 
Substances that are sohds in the crude form, will sometimes 
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separate out as liquids from solvents. This may be due to the 
presence of small quantities of water. In this case, the solution in 
ether, ligroin, benzene, etc., is heated with fused Glauber's salt; 
crystals will often separate out when this is filtered. 

To dissolve the Substance. — When water or glacial acetic acid, 
or a solvent which is not inflammable or not easily inflammable, is 
employed, the heating may be done in a beaker on a wire gauze 
over a free flame if the quantity is small ; if large, a flask is always 
used. In either case care must be taken to prevent the flask from 
breaking, by stirring up the crystals from the bottom with a glass 
rod, or by frequently shaking the vessel. This precaution is 
especially to be observed when, on heating, the substance to be 
dissolved melts at the bottom of the vessel. Alcohol and benzene 
may also be lieated in like manner directly over a moderately 
large flame, if the student has already had a sufficient amount o( 
experience in laboratory work and does not use too large quanti- 
ties. If the liquid becomes ignited, no attempt to extinguish the 
flame by blowing on it should be made, but the burner is removed 
and the vessel covered with a watch-glass, a glass plate, or a wet 
cloth. In working with large quantities of alcohol, benzene, ether, 
ligroin, carbon disulphide, or other substances with low boihng- 
points, they are heated on a water-bath in a flask provided with a 
vertical glass tube (air condenser) or a reflux condenser. A sub- 
stance to be crystallised from a solvent which is not miscible with 
water must be dried, in case it is moist, before dissolving. 

An error which even advanced students too often make in 
crystallising substances consists in this : an excessive quantity of 
the solvent is poured over the substance at once. When heat is 
applied, it is true, solution takes place easily, but on cooling noth- 
ing crystallises out. So much of the solvent has been taken that 
it holds the substance in solution even at ordinary temperatures. 
The result is that a portion of the solvent must be evaporated or 
distilled off, which involves a loss of time and substance, as well 
as decomposition of the substance. The following rule should, 
therefore, always be observed : The quantity of solvent taken at 
first should be insufficient to dissolve the substance cempUtefy, 
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on heating; then more of the solvent is graduaify added, until all oj 

the substance is Just dissolved. In this way only is it certain that 
on cooHng an abundant crystallisation will take place. If a mixt- 
ure of two solvents is used, one of which dissolves the substance 
easily and the other with difiicully, e.g. alcohol and water, the 
substance is first dissolved in the former with the aid of heat ; 
the heating is continued while small amounts of the second are 
gradually added (if water is used it is better to add it hot) until 
the first turbidity appearing does not vanish on further heating. 
In order to remove this cloudiness, a small quantity of the first 
solvent is added. On the addition of the first portions of the 
second liquid (water or ligroin) resinous impurities separate out 
at times ; in this case, these are filtered off before a further addi- 
tion of the solvent is made. 

At times it happens that the last portions of a compound will 
dissolve only with difficulty. The beginner often makes the mis- 
take here of adding more and more of the solvent to dissolve this 
last residue, which for the most part generally consists of difficultly 
soluble impurities, like inorganic salts, etc. The result of this is 
that on cooling nothing crystallises out. In such cases the diffi- 
cultly soluble portions may be allowed to remain undissolved, and 
on filtering the solution are retained by the filter. 

Filtration of the Solution. — When a substance has been dis- 
solved, the solution must next be filtered from the insoluble im- 
purities like by-products, filter-fibres, inorganic compounds, etc. 
For filtration a funnel with a very short stem is generally used, 
i.e. an ordinary funnel the stem of which has 
been cut off close to the conical portion (Fig. r). 
The funnels used in analytical operations have 
the disadvantage that when a hot solution of 
a compound flows through the stem, it be- 
comes cooled to such an extent that crystals 
frequently separate out, thus causing an obstruc- 
tion of the stem. The funnel with a shortened 
stem or no stem is prepared with a folded filter. In case the 
a^ution contains a substance that easily crystallises out, the filial 
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is made of rapid -filtering paper (Fig. 2). The solution to ^'% 
filtered is not allowed to cool before filtering, but is poured on 1 
the filter immediately after removing it from the 
flame or water-bath. If inflammable solvents , 
are used, care must be taken that the vapoure 
are not ignited by a neighbouring flame. Under . 
normal conditions, no crystals or only a few 
should separate out on the filter during filtra- 
tion, ir large quantities of crystals appear ii 
solution as soon as it is poured on the filter, it is 
an indication that too small an amount of the solvent has been ' 
used. In a case of this kind, the point of the filter is pierced and 
the crystals are washed into the unfiltered portion of the solution 
with a fresh quantity of the solvent ; the solution is further diluted 
with the solvent, heated, and filtered. 

Very difficultly soluble compounds crystallise during the filtra- 
tion in the space between the filter and funnel, in consequence 
of the contact of the solution with the cold walls of the fiinnel. 

This may be prevented when a small quantity of liquid is to be 
filtered, by warming the funnel previously in an air-bath, or directly 
over a fiame. If the quantity of the liquid is large, hot water or . 
hot air fimnels may be used (Figs. 3 and 4), or the funnel may 
be surrounded by a cone of lead tubing wound around it through ' 
which steam is passed (Fig. 5). Before filtering inflammable 
liquids, the flame with which the hot water or hot air funnel has ■ 
been heated is extinguished. Substances which easily crystallise 
out again, may also be conveniently filtered with the 
tion and a funnel having a large filtering surface (BUchner funnel,. 
see Fig. 38, p. 58). After filtration the solution is poured into thft 
proper crystallisation vessel. In order to prevent the thick-walled' 
filter-flasks from being cracked by solvents of a high boiling-point 
they are somewhat warmed before filtering by ii 
water. 

Boihng nitrobenzene, aniline, phenol, and similar substances n 
be filtered in the usual way through ordinary fiher 
Cboice of the Crystolliaation Vessel. — The size and form of ^ 
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crystallisation vessel is not without influence upon the separation 
of the crystals. If a compound will crystallise out on simple cool- 
ing, without the necessity of evaporating a portion of the solvent, 
a beaker is used for the crystallisation. The shallow dishes known 
as " crystallising dishes " are not recommended for this purpose, 
since they cannot be heated over a free fiame, and further, the 
solution easily "creeps" over the edge, involving a loss of the 
substance. Moreover, the cnists collecting on the edges are very 
impure, since, in consequence of the complete evaporation of the 
solvent, they contain all the impurities which should remain dis- 




solved in the mother-liquor. The beaker is selected of such a 
size that the height of the solution placed in it is approximately 
equal to the diameter of the vessel, which is thus about one-halt 
to two -thirds filled. 

Heating after Filtration. — Many compounds crystallise out in 
the beaker during filtration. The crystals thus obtained are never 
well formed, in consequence of the rapid separation ; therefore, 
after the entire solution has been filtered, it is heated again until 
the crystals have redissolved, and is then allowed to cool as slowly 
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as possible without being disturbed. In order to protect the solu- 
tion from dust as well as to prevent it from cooling too rapidly, the 
vessel is covered first with a. piece of filter-paper and then with a 
watch-glass or glass plate. Tlie paper is used to prevent drops of 
the solvent formed by the vapours condensing on the cold cover- 
1 falling into the solution, by which the crystallisation 
would be disturbed. The paper need not be used if the vessel is cov^ 
ered with a watch-glass, the convex surface of which is uppermost : 
the condensed vapours will thus flow down the walls of the beater. 
Crystallisation. — In order to obtain as good crystals as possible, 
the solution is allowed to cool slowly without being disturbed. In 
exceptional cases only is it placed in cold water to hasten the separa- 
tion of crystals. The ve:ije! must not be touched until the crystalli- 
sation is ended. If a substance, on slow cooling, separates out in 
very coarse crystals, it is expedient, in case a sample of the substance 
for analysis is desired, to accelerate the crystallisation by artificial 
cooling, so that smaller crystals will separate out. Very coarse 
crystals are commonly more impure than smaller ones, in that they 
enclose portions of the mother- liquor. If a deposit of crystals as 
abundant as possible is desired, the vessel is put in a cool place — 
in a cellar or ice-chest if practicable. Should a compound crys- 
tallise sluggishly, the directions given on page 2, under " Choice of 
the Solvent," may be followed (rubbing the sides of the vessel with 
glass rod ; seeding the solution ; allowing to stand over night). 
At times a compound separates out on cooling, not in crystals, but 
in a melted condition. This may be caused by the solution being 
so concentrated that crystallisation already takes place at a tem- 
perature above the fusing-point. In this case the solution is again 
heated until the oil which has separated out is dissolved, more of 
the solvent is then added, the quantity depending upon the condi- 

Itions. In other cases this may be prevented by rubbing the walls 
of the vessel a short time with a sharp-edged glass rod, as soon as 
a slight turbidity shows itself, or by seeding the solution with a 
crystal of the same substance. This difficulty may also be avoided, 
m many cases, by allowing the solution to cool very slowly ; g^. ihe 
beaker is placed in a larger vessel filled with hot water and allowed 
to cool in this. 
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At times the separation of crystals takes place suddenly, witbin a. 
few seconds, throughout the entire solution. Since the crystals thus 
obtained are generally not well formed, the liquid, after some of the 
crystals have been removed, is heated until solution again takes place. 
After it has partially cooled, those crystals which were taken out 
are now added to it, by which a gradual crystallisation is caused. 

Separation of Crystals from the Mother-Liquor. — When crystals 
have been deposited, they are then to be separated from the liquid 
(mother-liquor). This is always done with the aid of suction, and 
never by merely pouring off the liquid. The filter to be used is 
previously moistened with the same substance which was employed 
as the solvent. Crusts, formed on the sides and edges of the ves- 
sel by the complete evaporation of the solvent, are not filtered 
with the crystals ; they are removed with a spatula before the filter- 
ing, and are worked up with the mot her- liquor. In order to re- 
move the last traces of the mother-liquor adhering to the crystals, 
they are washed several times with fresh portions of the solvent ; 
obviously, if the substance is easily soluble, too large quantities of 
the solvent must not be used. If a solvent that will not evaporate 
easily in the air or on the water-bath has been used, e.g. glacial 
acetic acid, toluene, nitrobenzene, etc., it must be removed from 
the crystals by a more volatile substance, like alcohol or ether. 
This is done by first washing with a fresh quantity of the solvent, 
then with a mixture of the solvent and a small quantity of the more 
volatile liquid, the proportion of the latter in the washing mixture be- 
ing gradually increased, until finally the volatile substance is used 
alone. Glacial acetic acid may, in this way, be displaced by water. 

Drying of Crystals. — When crystals have been freed from the 
mother-liquor they must be dried. This may be effected (i) at 
the ordinary temperature by the gradual evaporation of the solvent 
in the air, and (2) at higher temperatures by heating on a water- 
bath or in an air-bath. In the first case the crystals are spread 
out in a thin layer upon several thicknesses of filter-paper and 
covered with a watch-glass, funnel, beaker, or similar vessel. In 
order that the vapours of the solvent may escape, the covering must 
be so placed that the air is not shut off completely from the c 
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tals ; this is conveniently done by supporting it on several corks. 
Crystals may also be dried in a desiccator which is partially ex- 
hausted, if necessary. In drying substances at higher temperatures 
the crystal form may be lost by the fusion of the substance or by 
the separation of the water of crystallisation. Since many sub- 
stances will liquefy far below their melting-point if they contain 
even small quantities of the solvent, a preliminary experiment with 
a small portion is always made when the drying is to be effected 
at higher temperatures. Compounds, not easily soluble in ether, 
which crystallise from a solvent miscible with ether, can be very 
quickly dried by being washed several times with it After a 
short exposure to the air they are dry. 

Treatment of the Mother-Liquor. — The mother-liquor filtered 
off from crystals still contains more or less of the substance, in 
proportion to its solubility at the ordinary temperature ; in many 
cases it is advantageous to extract the last portions remaining in 
solution. A " second crystallisation " is obtained by distilling or 
evaporating off a portion of the solvent. The mother-liquor may 
also be diluted with a second liquid, in which the dissolved sub- 
stance is difficultly soluble ; e.g^. a solution in alcohol or glacial 
acetic acid may be diluted with water, or a solution in ether or 
benzene with ligroin. 

Crystalllaatlon by Evaporation. — If a compound is so eaaly 
soluble in all solvents that it will only crystallise out on partial 
evaporation, then, in order to get good crystals, a solution, not 
too dilute, is made, by the aid of heat if necessary, and filtered 
from the impurities remaining undissolved. In this case, as a 
crystallisation vessel, one of the various forms of shallow dishes — 
the so-called crystallising dishes — is used, in which the solution 
is allowed partially to evaporate. In order to protect the vessel 
from dust, it is covered with a funnel or watch-glass, in the 
manner indicated under "Drying of Crystals." In crystallising 
by this method, it sometimes happens that the solution, owing to 
capillary action, will " creep " over the edge of the dish. To 
avoid loss of the substance from this source, the dish is placed on 
• watch-glass or glass plate. Under these conditions, the vessel 
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is never covered with filter-paper, since, after standing some time, 
it may absorb the entire quantity of the substance. If, in order 
to obtain well-formed crystals, the solvent is to be evaporated as 
slowly as possible the solution is placed in a beaker or test-tube, 
which is then loosely covered with filter-paper. Evaporation may 
be hastened by placing the crystalUsation vessel in a desiccator, 
charged, according to the nature of the solvent, with different sub- 
stances ; for the absorption of water or alcohol, calcium chloride 
or sulphuric acid is used j glacial acetic acid is absorbed by soda^ 
lime, solid potassium hydroxide, or sodium hydroxide. The evap- 
oration of all solvents may be hastened by exhausting the desiccator. 

Since the purifying effect of crystallisation depends upon the 
fact that the impurities remain dissolved in the mother-liquor, and 
with this are filtered off, in no case must the solvent be allowed 
to evaporate completely, but the crystals must be filtered off while 
still covered with the mother-liquor. Before filtering, crusts depos- 
ited, generally on the edges of the vessel, are removed with the 
aid of a small piece of filter-paper or a spatula. Even though 
the substance is very soluble, the mother-liquor adhering to the 
crystals is washed away with small quantities of the solvenL If 
the quantity of crystals is very small, the adhering mother-liquor 
may be separated, in cases of necessity, by placing them on porous 
plates and moistening with a spray of the solvent. 

Fractional Crystallisation. — Up to this point, it has been 
assumed that the substance to be crystallisetf possessed an essen- 
tially homogeneous nature, and the object of crystallisation was 
only to change it to a crystallised form. Crystallisation is often 
employed for another purpose — that of separating a mixture of 
different substances into its individual constituents, — a task that 
is generally far more difficult than the crystallisation of an individ- 
ual substance. The simplest case is one in which two substances 
are to be separated. If the solubilities of the two substances are 
very different, as is generally the case when a mixture of two dif- 
ferent highly substituted compounds is under examination, it is 
fi-equently not difficult to find a solvent which will dissolve a con- 
■idcTable portion of the more easily soluble substance, and but a 



GENERAL PART 



small portion of the less soluble. If, now, the mixture be trcaXt 
with such a solvent, in not too large quantities, a. solution will I 
obtained contriining all of the easily soluble substance and i 

portion of the difficultly soluble substanci 
This is filtered from the residue rema 
undissolved. The mixture has thus beei 
divided into two fractions. By evaporatin; 
the solution to a certain point, the more i 
soluble compound will crystallise < 
companied by any of the other compound ; 
the crystals are filtered off, and the solution 
further evaporated. If the crystallisation of ■ 
the two fractions be repeated a second timflj 
a complete separation will be effected. 
separating a mixture of this kind, specie 
constructed apparatus ■ — the so-called 
traction apparatus — may be employed, 
use of which possesses the advantage ovi 
ihe method of simple heating, that much 
smaller quantities of the solvent are required. 
An apparatus of this kind is represented in 
Figs. 6 and 7. To a wide glass tube a" is 
fused a narrow tube which acts as a siphon, 
bent as in Fig. 7. This portion of the 
apparatus is surrounded by a glass jacket 6, 
narrowed at its lower end. This is con- 
nected with the flask that is to contain the 
Fig. 6. Fig. 7. joivgnt. A cork bearing a reflux condenser 

-a ball condenser is convenient — is fitted in the opening at the 
dpper end of the jacket. A shell of filter-paper is next prepared 
in the following manner: Three layers of filter- paper are rolled 
around a glass tube with half the diameter of the inner tube d. 
One end of the roll must extend somewhat beyond the edge of the 
glass tube; this is turned over and securely fastened with thread. 
To preserve the form of the roll, thread is loosely wound around its 
middle and upper portion. The length of the roll b such that it 
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nds I cm. above the highest point of the narrow siphon-tube, 
he shell is placed the mixture of the easily soluble and dtiB- 
\y soluble substance to be extracted ; the upper end is closed 
L loose plug of absorbent cotton. The flask a, containing the 
ent, is now heated on a water-bath or over a free flame, accord- 
:o the nature of the solvent. I'he condensed vapours drop from 
condenser into the shell, dissolve the substance, filter through 
paper, and fill the space between shell and inner glass tube, 
oon as the liquid has reached the highest point of the siphon- 
■, the soludon siphons off and flows back into the flask a. 
i operation may be continued as long as necessary. The 
unt of solvent used should be one and a half or two times 
iiolume of the inner tube up to the highest point of the siphon. 
construction of a ball condenser is 
esented in Fig. 8. In order to dis- 
jish the tube by which the water en- 
from the outlet-tube, the former is 
ked with an arrow. Comparatively 
also is the separation of two sub- 
ces about equally soluble, if the one 
esent in larger quantity than the other, 
mixture of this kind is dissolved, then, 
:ooling, the substance which was pres- 
in larger quantity generally crystal- 
out. Occasionally, after standing 
s time, crystals of the second sub- ' ' 

:e will appear ; under these conditions the crystallisation 
t be carefully watched, and as soon as crystals differing 
I those first appearing are observed, the solution is filtered 
suction at once, even though it is still warm, 
two compounds crystallise simultaneously at the outset, as is 
:ase when they possess approximately the same solubility and 
sreseiit in almost equal quantities, they can be separated me- 
licalty. If, e.g., one of the compounds crystallises in coarse 
tals, and the other in small ones, they may be separated by 
ig through a suitable sieve or wire gauze. A compound crys- 
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tallising in leaflets can frequently be separated frorei one crystal- 
lising in needles by a sieve. If these methods fail, the separation 
may be effected by picking out the crystals with small pincers or 
quill. In all these mechanical operations, the crystals must be 
dry as possible. 

In many cases, when one of the compoimds is heavier than 
other, it is possible to separate them by causing the lighter cryf 
to rise to the top of the liquid, by imparting to it a rotatory mol 
by rapid stirring with a glass rod. The heavier compound collt 
at the bottom of the vessel, and the liquid with the lighter com- 
pound floating in it can be fioured off. 

Double Compounds with the Solyent, — Many substances crys- 
tallise from certain solvents in the form of double compounds, 
composed of the substance and the solvent. It is well known that 
many substances, in crystallising from water, combine with a cer- 
tain portion of water. Alcohol, acetone, chloroform, benzene, and 
others also have the power of uniting with other substances to 
form double compounds. As a familiar example, the combinatioD 
of triphenyl methane with benzene may be mentioned in this con- 
nection. If double compounds of this kind are heated, the coift 
bined solvent is generally vaporised. 



SUBLIMATION 

Much less frequently than crystallisation, sublimation is used | 
purify a solid compound. The principle involved is this : 
substance is converted by heat into the gaseous condition, 
vapours do not assume the liquid phase when they are condenM 
on a cold surface, but deposit in the form of crystals, 

The sublimation of a small quantity of a substance can be co( 
veniently effected between two watch-glasses of the same siq| 
The substance to be sublimed is placed on the lower one, whichfl 
then covered with a round filter perforated several times in I 
centre and projecting over the edges ; the second watch-glass » 
its convex side uppermost is placed on it, and the two are h^ 
r by a watch-glass clamp. If the lower glass is now beat 
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ry slowly on a sand-bath with a free flame, the vaporised sub- 
nce condenses on the cold surface of the upper watch-glass 

crystals ; the filler-paper prevents the very small, light ctys- 
i from falling back on the hot surface of the 
VST glass. To keep the upper glass cool, it is 
I'ered with several layers of wet filter-paper 

with a small piece of wet cloth. If large 
antities of a substance are to be sublimed, 
; upper watch-glass in the apparatus just de- 
■ibed is replaced by a funnel somewhat smaller 
in the lower glass (Fig. g). To prevent the 
ape of vapours, the stem of the fiinnel is 
aed by a plug of cotlon or is covered with 
imall cap of filter-paper. The apparatus for ^^^ 

jlitnation designed by BrQhl is admirably 
ipted to the purpose for which it is intended (Fig. lo). It 
isists of a hollow metal plate through which water flows. In 
: conical opening is placed a crucible containing the substance 
be sublimed. The plate is covered with a concave glass dish, 
; ground edges of which fit the plate tightly. The crucible is 
ited directly with a small flame, while cold water flows through 
: plate. The vapours condense in part on the glass cover, but 
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abundantly on the upper cold surface of the plate in crystals. 
,io=c ^o.Tor ic not removed until the apparatus is completely 
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Sublimations can also be conducted in crucibles, flasks, beakers, 
retorts, tubes, etc. The heating may be done in an air- or oil- bath. 
In order to lead off the vapours rapidly, a current of an indiffereDt 
gas is sent through the apparatus. 

Of late years substances of high purity have been obtained by ; 
causing them to sublime in vacuo. An apparatus devised for this 
purpose is described in the Journal fur praktische Chemie, Vol. 78 
(1908), page 201. 

DISTILLATION 

Kinds and Objects of Distillation. — By distillation is meant the 
conversion by heat of a solid or liquid substance into a vapour and 
the subsequent condensation of this. When a solid is distilled it 
does not condense directly in crystals, as is the case in sublima- 
tion. The distillate is a liquid which may solidify into a crystal- 
line mass on standing. When distillation is conducted at the 
atmospheric pressure, it is called ordinary distillation ; if in a 
partial vacuum, vacuum distillation. The object of distillation is 
either to test the purity of an individual substance by the iieiermi- 
nation of its boiling-point, or to separate a mixture of substances 
boiling at different temperatures into its constituents. (^FracHand 
Distillation^ 

Distillation Vessels. — The heating of the substance to be dis- 
tilled is generally effected in a fractionating flask (Figs. 11, 12, 13). 
These flasks differ, not only in size, but in the diameter of the con- 
densation-tube (side-tube), as well as in the distance of the latter 
from the bulb. In selecting a fractionating flask the following points 
are to be observed. For distillation at the atmospheric pressure a 
flask is selected having a bulb of such a size that when it contains the 
substance to be distilled it will be about two-thirds filled. There 
are two objections to distilling small quantities of a substance from 
a large flask : the vapours are easily overheated, thus giving a 
boihng-point that is too high ; a loss of the substance follows, in 
that, after the distillation is finished, a larger volume of vapours f 
which condense on cooling, remains behind in the bulb, than if a 
smaller flask had been used. In the distillation of low boiling 
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compounds, a flask is selected which has its condensation-tube as 
high as possible above the bulb, so that the entire thread of mer- 
cury of the thermometer employed is heated by the vapour of the 
liquid. By using a flask of this kind it is not necessary to cor- 
rect the observed boiling-point, as is the case when the mercury 
column is not entirely surrounded bythe vapour. The higher a 
substance boils, the nearer must the side-tube be to the bulb, in 




Fig. 13. 



order that the vapours shall have as little opportunity as [ 
of condensing below Ihe tube and flowing back into the bulb. 

If large quantities of a substance are to be distilled, an ordi- 
nary flask is used. This can be converted into a fractionating 
flask with the aid of a cork bearing a T-tube, as illustrated in 
Fig. 14. 

For the distillation of solid substances which solidify in the 
condensation- tube, a fractionating flask with a wide side-tube is 
used. 

l^'' A fractional distillation cnn also be conducted in the fractionating 
flasks just described ; but the operation can be carried out n 
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^^H mpidly and more completely by the use of apparatus especia% 

^^B adapted to fractionating (Fig. 15). These can be fused direcllj 

^^K on the bulb or they can be attached to an ordinary flask by means 

^^K of a cork (Fig. 14) ; the round, short-necked flasks such as rep- 

^^K tesented in Fig. 16, are well adapted to this purpose. Flasks of 





this description can be obtained in different sizes but still possess- 
ing the same width of neck ; this enables one to use the same 
cork with any flask. The value of these different forms of fractiou- 
ating apparatus depends upon the fact that the higher boiling 
portions carried along with the vapours do not pass immediately 



to the outlet tube, but before entering this they have an oppor- 
tunity of condensing and flowing back into the flask. In the 
apparatus of Wurlz (a) the condensation takes place on the large 
upper surfaces of the bulbs. Mote complete condensation is ob- 
tained in Linnemann'B apparatus {i), which differs from that of 
Wurtz in that the narrow tubes between the bulbs contain small 
platinum-wire sieves. Since tho lower 
boiling portions condense to a liquid 
and collect in these, the ascending 
vapours are so far cooled by tlie pas- 
sage through them that the accom- 
panying portions of the higher boiling 
substances ate likewise condensed. 
The apparatus of Hempcl is filled with 
glass beads which act like the sieves in 
the I.innemann apparatus. For the 
distillation of large quantities of a 
liquid the Hempel apparatus is par- 
ticularly well adapted ; in working with 
it as well as the Linnemann form, the 
heating must be interrupted from time 
to time, in order that the liquid col- ' "■" "" 

lecting in the beads or sieves may have an opportunity to flow 
back to the distillation flask. If the Le Bel-Henninger form is 
used, this precaution is unnecessary, since in this apparatus 
special tubes for conducting off the condensed liquid are joined 
to the sides of the bulb somewhat above the sieves. 

Experiments have shown that a single distillation with one of the 
forms of apparatus just described, effects a more complete separa- 
tion than repeated fractionations in an ordinary fractionating flask. 

Supporting the Fractionating Flask. — If it is necessary to 
sup[X)rt the fractionating flask with a clamp, it is placed as fat 
above the outlet tube as possible, never below it ; the glass ex- 
pands by contact with the hot vapours, and since the expansion 
is impeded by the clamp, particularly if it is flrmly attached, the 
QaA frequently breaks. 
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Supporting the Thennometer. — The thermometer is passed 
through a cork (no rubber) which fits the neck of the flask. The 
most exact determinations of the boiling-point are obtained if the 
entire thread of mercury is surrounded by the vapour of the sul>- 
stance. With low boiling compounds this condition is easily 
obtained by the use of a fractionating flask having its outlet tube 
at a sufficient distance above the bulb. In this case the ther- 
mometer is so placed that the degree corresponding to the boil- 
ing-point of the liquid is opposite the outlet tube, but the bulb 
of the thermometer must not extend into the bulb of the flask 
and never into the liquid ; if it does, another flask must be used, 
the outlet tube of which is still higher above the bulb. If in 
dealing with high boiling compounds such an arrangement is 
not possible, the thermometer is thrust so far into the neck of the 
flask that the thermometer-bulb is somewhat below the outlet 
tube. In this case, if an exact determination of the boiling-point 
is desired, the observed reading is corrected in the manner 
described below. In order to avoid making a correction a special 
form of thermometer is used, the graduation of the scale begin- 
ning at 1 00°, 200°, or at other convenient points. By employing 
an instrument of this kind the mercury column may be kept in 
the vapours at any temperature. 

In making distillations, it occasionally happens that the mercury 
column ascends to that point in the scale which is hidden by the 
cork supporting the thermometer, thus preventing the temperature 
from being read. In a case of this kind the thermometer is 
either raised or lowered, so that the top of the mercury is visible, 
or if this is not possible, from that portion of the cork which pro- 
jects above the flask, a section is cut which will enable the scale 
to be seen. 

Condensation of Vapours. — The condensation of vapours is 
effected in various ways, depending upon the height of the boiling- 
point. If a compound boils at a relatively low temperature (up to 
100°), the -outlet tube of the fractionating flask is connected mih 
a Liebig condenser by a cork (not a rubber stopper) . For very 
low boiling compounds a long condenser is used, and for those of 
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high boiling-points a short OuC. If the boUing-poim of a com- 
pound is very low, the flask in which the condensed liquid collects 
(the receiver) is connected with the condenser by means of a cork 
and a bent adapter (Fig. 63), and the receiver is cooled by ice 
or a freezing mixture. If the boiling-point is moderately high, 
between 100° and zoo", the receiver, connected to the condensing 
tube by a cork, is cooled by running water (Fig, 17). If the 
substance is to be distilled 
again, a fractionating flask 
is employed as a receiver; a 
tubulated suction-flask may 
also be used. It is ofren 
unnecessary to employ run- 
ning water for cooling pur- 
poses if to theoudel tube o 
the flask a wide glass tube | 
50 cm, long (extension tube) 
is connected by a cork (Fig. 
18). With still higher boil- 
ing substances even this is 
superfluous, since the con- 
densation tube of the frac- 
tionating flask, provided it 
is not too short, will suffice 
for the condensation. 

If a small quantity of a substance is to be distilled, and it is 
desired to avoid the loss of substance necessarily incident to the 
use of a condenser, the distillation even of low boiUng compounds 
is conducted in a small distillation flask as slowly and carefully 
as possible, the source of heat being a minute flame (the so-called 
microbumer). 

If large quantities are to be distilled, a condenser is always used, 
since when other condensation apparatus is employed, the tube 
finally becomes so hot that the vapours are not completely con- 
densed. If the vapours of a substance attack corks, the outlet 
txise ia inserted iar enough into the condenser or extension tube 
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SO that the vapours do not come in contact with the cork. Bui 
generally a cork is not used ; the outlet tube being inserted suffi- 
ciently far into the condenser. 

Heating. — Low boiling substances (those boiling up to about 
80°) are not generally heated over the free flame, but on the water- 
bath gently or to full boiling. Frequently it is more convenient 
to immerse the bulb of the fractionating flask as far as the level 
of the liquid which it contains in a dish or beaker filled with 
water, which is heated gently or strongly as the case requires. 
Low boihng substances may also be heated by immersing the bulb 




Fig. 18. 



of the flask from time to time in a vessel filled with warm water. 
If a substance is not distilled over a free flame, in order to prevent 
" bumping " a few pieces of platinum wire or foil, or bits of glass, 
are thrown into the liquid (see below). When a substance to be 
distilled is heated on the water-bath, it may easily happen that 
the vapour inside the flask may be overheated by the steam escap- 
ing between the rings. For this reason, in the determination of 
exact boiling-points it is better to use a small free flame. The 
so-called microburner is well adapted to this purpose. High boil- 
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ing substances are always heated over the free flarae. In this case 
the flask may be protected by heating it on a wire gauze ; still by 
working carefully the gauze need not be used. In heating, the 
flame is not placed under the flask at once, since the latter is likely 
to break easily on sudden heating; it is, better to pass the flame 
back and forth slowly and uniformly over the bottom of the flask 
until the liquid is brought to incipient ebullition. Substances which 
have been previously dissolved, after the evaporation of the solvent 
on the water-bath, often stubbornly refuse to give up the last por- 
tions of the solvent, particularly when ether has been used. If now 
a free flame be applied, it frequently happens that in consequence 
of a retarded boiling during which the solution becomes overheated, 
a sudden active ebulUtion and foaming will take pSace. In order 
to prevent this the flask is shaken repeatedly during the heating, 
since if the liquid is kept in motion, overheating cannot easily take 
place. It may also be prevented frequently by heating the flask 
on the side. During the actual distillation the heating may be con- 
tinued by slowly passing the flame over the bottom of the flask as in 
the preliminary heating, but in this case care must be taken not to 
apply the flame to the flask at any point above the liquid inside, 
since an overheating of the vapours would result. In order to 
protect the hand in case the flask should break, the burner is held 
ibhquely and not directly under the flask; or during the distilla- 
tion the burner may be placed under the flask and allowed to re- 
main stationary. The size of the flame is so regulated that the 
condensed distillate flows into the receiver regularly in drops. If 
vapours escape from the receiver, it is an indication that the heat- 
ing is too strong. Toward the end of the distillation the burner is 
turned down somewhat. 

To collect the Fractlone. — If a substance which is not quite 
pure is Jieing treated, and it is desired to test the purity by a 
determination of its boiUng-point, then on disrillation a small por- 
tion wilt generally pass over below the true boiling-point ("first 
runnings ") ; this is collected separately in a small receiver. Then 
follows the principal fraction, passing over at the true boiling-point. 
the temperature remaining constant. If there is only a small 
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quantity of the liquid in the bulb of the flask, it is difficult, in spite 
of using a small flame, to prevent the vapours from being some- 
what overheated ; this will cause a rise of the mercury The por- 
tion passing over a few degrees above the true boiling-point can, 
in preparation work, be collected with that portion which boils at 
the correct temperature, without evil results. High boiling portions 
collected separately are designated as "last runnings." The oper- 
ation of fractional distillation is conducted in a wholly different 
manner. The preparation of benzoyl chloride (see page 317) 
will furnish a practical example of the method of procedure. This 
compound is obtained by treating benzoic acid with phosphorus 
pentachloride. The product of the reaction is a mixture of phos- 
phorus oxychloride (b. p. 110°) and benzoyl chloride (b. p. 200°). 
If this mixture is subjected to distillation, the entire quantity of 
phosphorus oxychloride does not pass over at about 110°, and 
afterwards the benzoyl chloride at 200° ; but the distillation will 
begin below 110°, and a mixture consisting of a large quantity of 
the lower boiling substance and a small quantity of the higher 
boiling substance will pass over ; the temperature then rises gradu- 
ally ; while the quantity of the former steadily decreases, that of 
the latter increases, until finally, at 200°, a mixture consisting essen- 
tially of the higher boiling substance passes over. A quantitative 
separation of the constituents of a mixture cannot be effected by 
the method of fractional distillation. However, in most cases, it 
is possible to obtain fractions which contain the largest part of 
the individual constituents, particularly when, as in the example 
selected, the boiling-points of the constituents lie far apart, by 
collecting the different fractions and repeating the distillation a 
number of times. It is almost impossible to give definite rules of 
general application for fractional distillation ; the number of frac- 
tions to be collected depends upon the difference of the^ boiling- 
points, upon the number of compounds to be separated, upon the 
relative proportion of the compounds present, and upon other 
factors. If but two substances are to be separated, as is generally 
the case in preparation work, the procedure is, very commonly, as 
follows : as a basis for the fractions to be collected, the interval 
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between the boiling-points is divided into three equal parts ; in the 
case of the example selected the temperatures would be 1 10°, 1411°, 
1 70°, 200°. The fraction passing over between the temperature 
at which the distillation first begins, up to 140°, is coUecied {frac- 
tion I.), then in another vessel the fraction passing over between 
140°-! 70° (fraction II.), and finally in another receiver that pass- 
ing over between 170° and 200° (fraction III.). The quantitie:; 
of the three fractions thus obtained are about equal. Fraction I. 
is now redistilled from a smaller flask, and the portion passing 
over up to 140° is collected as in the first distillation in the empty 
receiver I., which in the meantime has been washed and dried. 
When the temperature reaches 140°, the distillation is stopped, 
and to the residue remaining in the flask is added fraction II., and 
the distillation continued. The portion passing over up to 140" 
is collected in receiver I., that from i40°-i7o'' in the empty re- 
ceiver II. When the temperature reaches 170°, the distillation is 
again interrupted, and to the residue in the flask is added fraction 
III., and the distillation is again continued : in this way the three 
fractions are collected. These are again distilled as in the first 
distillation, but now the lower and higher boiling fractions are much 
larger than the intermediate one ; further, a larger portion of these 
end fractions boil nearer the true boiling-points than in the first 
distillation. If it is now desired to obtain the two substances in 
question in a still purer condition, the two end fractions are once 
more distilled separately, and the portion passing over a few de- 
grees above and below the true boiling-point, for phosphorus oxy- 
chloride about los'-iis", for benzoyl chloride, igg'-Jos" are 
collected. / 

Vacuum Distillation. — Many compounds, ^ot volatile at the 
atmospheric pressure without decomposition.^may be distilled 
undecomposed in a partial vacuum. The vacuum distillation is 
used advantageously for the fractionation of small quantities of a 
substance, since the separation of the individual constituents can 
be effected more rapidly and more completely than at the atmos- 
pheric pressure. 

Vacuum Apparatus. — The simplest form of a vacuum apparatus 
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is represented in Fig. 19. Two fractionating flasks a and 6 art 
, connected by a cork. The neck of a is closed by a tightly fitting 
cork bearing the glass tube d, reaching to the bottom of the flask, 
its lower end being drawn out to a fine point, the object of which 
will be explained below. A thermoraeter is placed in the lube. 




In place of the flask b, a suction-flask such as finds applic 
in filtering under pressure, may be used (Fig. zo). But this kind 
of flask is used only in case low boiling substances are to be 
distilled, since the contact of loo hot liquids with the thick walls 
causes them to crack easily : this is likely to prove very destructive 
in vacuum distillation. With low boiling substances, in order 10 
get complete condensation of the vapours, the jacket of a Liebig 
condenser through which water is allowed to flow is fitted over 
the outlet tube of the fractionating flask. These simple forms 
of apparatus are used only when it is desired to collect a few 
fractions, since it is troublesome to be obliged to change the 
receiver, and thus destroy the v:tcnum, for each new fraction. 
If it is desired to collect a larger number of fractioas. 
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apparatus is employed by means of which the receiver c 
changed without (iestroying the vacuum. 




Briihl's apparatus is very well adapted to this purpose (Figs, 21 
and zz). By turning the axis b, so arranged that it supports the 
receivers firmly, each receiver may in turn be brought under the 
end of the condenser tube c. 

The receiver shown in Fig. 23 is also very convenient for frac- 
tional distillation in a vacuum. By grasi^ing the cork a and the 
tube c firmly with the fingers and turning, the different portions 
of ihe receiver may be brought under the condensing tube. 

Construction of a Vacuum Apparatus. — In vacuum distillations 
the evolution of bubbles of vapour occurs to a much greater 
extent than under ordinary conditions. In order to prevent the 
liquid from foaming up and passing over, a flask of such a size is 
selected, that when it contains the liquid it must in no case be 
more than half fiill ; it is better to have it but one-third full. The 
individual parts of the apparatus are connected by rubber stoppers. 
Ordinary corks may also he used with almost equally good results, 
but only those are selected which are as free as possible from 
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pores ; tbcy are pressed in a cork-press, and then veiy 
boied. If, after the apparatus is put together, the corks 



;i7 carefully J 
s are coated ■ 




with a thin layer of collodion, there is no difficulty in obtaining a 
The thermonrieter and capillary tube may be arranged as 
shown in Fig. 19. It is also 
a very excellent arrangemenl 
to use a two-hole cork, the 
thermometer passing through 
;, and the capillary tube 
through the other, as in Fig. 
21. The capillary tube is 
made by drawing out a glass 
tube of 1-2 mm, diameter; 
the narrow hole in the cork 
through which this passes is 
made conveniently by a hot 
knitting-needle. Instead of 
using a capillary tube to 
prevent " bumping," otUci 
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means may be employed (see below), in which case the ther- 
mometer is supported in the fractionating flask as in ordinary 
distillations. When a lube drawn out to 
a capillary point is used, a short piece of 
Ihick-walled rubber tubing, which can be 
closed by a screw pinch-cock (Fig. 19, e 
and c), is attached to the upper end. 

The flasks recommended by Claisen 
( l''ig. 24) may be used advantageously in 
vacuum distiUations in place of the com- 
mon fractionating flasks. A tube drawn 
out to a capillary point is secured in I 
limb d by a piece of ihick-walled nibber 
tubing or a cork. The thermometer is 
inserted in b. When a few large pieces of / 
broken glass are placed in b, these flasks 
possess the advantage of preventing por- 
tions of the liquid (even in cases of violent 
boiling) from being carried over into the condenser. The space 
above the pieces of broken glass may be filled, partially or 




Fig. !q. 




wholly, with glass beads — obviously these are only to be used ii 
the distillation of liquids not having a too high boiling-point — 
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thus combining the advantages of a Hempel column with vacuum 
distillation. 

For the- distillation of solids a fractionating flask with a wide, 
bent sabre-shaped condensing tube is used (Fig. 25). In order 
to determine the efficiency of the vacuum, the lower tube of the 
Briihl apparatus is connected with a manometer (Fig, 26), by 
means of a thick-walled rubber tubing which wil! not collapM 
upon exhausting the apparatus. The other end 
of the manometer is connected with suction, bjr 
the same kind of rubber tubing. 

Since in consequence of the varying water 
pressure, it happens, at times, that the water from 
the suction pump may be forced into the matt- 
ometer or receiver, it is advisable to insert a 
thick-walled suction flask between the sucdon 
pump and manometer. 

In order that the apparatus may be perfect 
tight, the corks, ends of the rubber tubing, as weU 
as the ground surfaces of the Briihl receiver, aiC 
covered with a thin layer of grease or vaseline. If ordinary corks 
are used, these, as well as the ends of the tubing, are covered 
with collodion after the apparatus is set up. Before the disbl- 
lation, the apparatus is tested to determine whether it will give the 
desired vacuum. For this purpose, the pinch-cock on the capil- 
lary tube is closed, the suction attached, and after some time the 
manometer is read : this will indicate whether tne desired vacuum 
has been obtained. In case it is not, the corks are pressed more 
firmly into the tubes, greased again or covered with more collodion, 
and the rubber tubing is pushed farther over the ends of the glass. 
Frequently the suction pump will not work satisfactorily ; it is 
then examined to see if it is stopped up, or a better pump is used. 
When the apparatus has been exhausted, the air must not be 
admitted suddenly, by removing a nibber joint, for the sudden 
rushing in of the air may easily destroy the apparatus, 
rubber tube attached to the suction is closed by a screw pinch- 
cock which has been placed on it beforehand, and in case 
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capillary tube has been used, the pinch-cock on this 13 gradually 
opened and the air allowed to enter through it, or after discon- 
necting the rubber tubing from the suction, the pinch-cock which 
has just been closed may be opened. The same object may be 
accomplished most rapidly by closing the tubing leading to the 
suction with the fingers, detaching it and opening the tube re- 
peatedly for an instant at a lime, until the rushing sound made 
by the inflowing air ceases. After a test has shown that the 
apparatus does not leak, the liquid to be distilled is poured in 
the ilask and the distillation begun. 

Heating. — In vacuum distillation the flask can be heated 
directly with a free flame, but the flame must be applied to the 
side, and not to the bottom of it, as in ihe ordinary way. Care 
must be taken to keep the flame constantly moving. It is much 
more satisfactory and safer to use an oil- or paraffin-bath, or better 
a metallic air-bath (iron crucible). The latter is covered with 
a thick asbestos plate containing a round opening in the centre, 
through which the neck of the fractionating flask may pass ; from 
the opening to the e^ge of the plate there is a straight narrow sUt. 
The air-bath must not be too large ; the bottom is covered with 
a thin layer of asbestos, which wiU prevent the flask from coming 
in contact with the metal. The temperature of the oil- or air- 
bath should, in exact experiments, not be more than 2o''-3o° 
higher than the boiling-point indicated by the thermometer. A 
thermometer is immersed in the bath and the flame so regulated 
that the diff'erence between the two thermometers is not greater 
than that mentioned. The heating is not begun until the appara- 
tus is exhausted. 

To prevent Bumping. — In vacuum distillations a troublesome 
bumping (a sudden, violent ebullition) frequently occurs. To pre- 
vent this a slow, continuous current of air is drawn through the 
'iquid, thus keeping it in constant motion. The air current, con- 
trolled by a pinch-cock, must not be allowed to enter loo rapidly, 
otherwise it will be difficult to maintain a high vacuum. The 
same effect may be obtained by placing certain substances m the 
liquid — splinters of wood the siie of a match, capillary tubes, bits 
of glass, pieces of porcelain, powdered talc, scraps of platinum 
; or foil. Small pieces of pumice-stone bound with platinum 
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wire also act satisfactorily. For further details concerning 
dbtillatioD consult " Die Destination unter vermin dertem Druck 
m Laboralorium," R. Anschtitz. 

Lowering of the Boillng-PolDt. — In order that some idea maj 
be obtained as to the approximate lowering of the boiling-point, 
by diminishing the pressure, the following table is given : 
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Corrections of the Boiling- Point. ~ If it is not possible ill 

making an exact determination of the boiling-point to have the 
mercurial column entirely surrounded by the vapour of the liquid, 
— a condition usually obtained by employing a flask, the side-tub( 
of which is at a sufficient distance from the bulb, or a sectional 
thermometer, or both, ^ then a correction may be applied to tbe 
observed boiling-point in one of two ways. The portion of 
mercurial column not heated by the vapours — that portion abtnt 
the side-tnbe — is read in degrees (Z). Another thermooicta 
is brought as near as possible to the middle point of this <xA- 
uran, the temperature of which is also read (i). If 7" is the 
observed boiling temperature, then the following correction is 
added: i(r-/). 0.000154°. The so-called " corrected " boiling- 
point may also be obtained as follows: The boiling-point is 
determined in the usual way ; after the distillation, another sub- 
stance, the corrected boiling-point of which is known, and which 
lies near the one in question, is placed in the same flask and dis- 
tilled under the same conditions. The difTerence between the 
corrected and observed boiling-points is applied to the boiling-' 
point of the first substance. 

Diatilling off a Solvent. ^ — An operation frequently 
in organic work is distilling oflf a solvent from the sul 
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solved in it. When the boiling-point of the solvent is sufficiently 
far away firom that of the dissolved substance, a complete separa- 
tion can be effected by a single distillation. The methods uacd 
depend upon the quantity of the solution, that of the dissolved 
substance and the boiling-point of the solvent. The methods 
which can be used for distilling off low boiling solvents, like ether, 
ligroin, carbon disiilphide, alcohol, and others, will be described 
first. If a small quantity of a solvent is to be evaporated, and it 
is not worth the trouble to recover it by condensation, then, in 
case the solvent is ether, ligroin, or carbon disulphide, the solution 
is poured into a small flask, and this is immersed in a larger vcsiel 
filled with warm water. The vaporisation is considerably accel- 
erated by shaking the flask. The operation is more rajiidly per- 
formed by heating the flask on a water-bath. To prevent a 
sudden foaming, due to retarded ebullition, some small piecei of 
platinum wire or capillary tubes are placed in the liquid ; ihc 
evaporation is also facilitated by frequent shaking. Should the 
vapours become Ignited from the flame of the watcr-balh, no 
attempt to blow out the burning vapours should be made; bat 
the burner is extinguished, the flask removed from the baih with 
a cloth, and the mouth covered with a watch-gloits. Carbiin dioul- 
phide, on account of its greai inflammability, In never vaporised 
in this way, but always without a flame. 

Large quantities of solvents may also be evaporated by theie 
two methods, but the entire quantity is not treated at once. A 
portion is placed in a small flask, and when this hai been evap- 
orated, a second portion is added, and so on. The danger of 
ignition of the solvent may be avoided by in»CTting in the lln»k 
a glass tube, extending to within a few centimetre* of the level 
of the liquid, supported firmly by a clamp, and attached by rubber 
tubing to the suction. The lube must at no time touch the 
liquid. 

For rapid evaporation of siaall qoaalitiet of ether, the Mlowinf 
method of procedure b iccommeocted : A few cubic ccntimeueii 
of the solution arc placed in a wriBdently wide tttt-tiAt; thit i» 
warmed, with cootinaoiit ihalriBg. orcr a imiO, huninowi fliac. 
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After the first portion is evaporated, tbe second is added, and 
so on. Since the vapours of tlie ether almost regularly become 
ignited, this event should always be expected, and should occaaon 
alarm. When it happens, the heatiug is interrupted for i 
moment, and the flame is easily extinguished by blowing on it or 
covering the mouth of the test-tube. If the tube is held as aea^ 
horizontal as possible during the heating, the danger of ignition 
is lessened. 

If it is desired to disti! off a larger quantity of ether, ligro'in, 
or carbon disulphide, and to recover it by condensation, the re- 
ceiver is attached to the condenser tube by a cork, and the flask 
is heated by immersing it in a water-bath containing hot water. 
To prevent the hquid from being superheated, a silk thread as 
frayed as possible at the end reaching to the bottom of the flask 
is suspended from the neck and the flask is shaken frequently 
during the distillation (Fig. 28). The entire quantity of the liquid 
is not placed in the flask at once, but only a portion : after the 
solvent has been distilled off from this, an- 
other portion is added, and so on. 

By the use of the so-called safely water- 
bath, i.e. one in which the flame is sur- 
rounded by a wire gauze as in Davy's Safely 
Lamp, ether and ligro'in can be distilled by 
continuous heating with a flame. It is not 
safe to distil off carbon disulphide even from 
this apparatus, since, when it becomes suffi- 
ciently hot, it will ignite spontaneously with- 
out the intervention of a fiame. 

By the use of a coil condenser (Fig. 
27) the distillntion of solvents is greatly 
facilitated. The free flame, if it be sur- 
rounded by a cylinder of wire gauze, may 
be employed in place of a water-bath. 
A piece of rubber tubing attached to [he 
si^e tube of the receiver carries the vapours to a hood or belo" 
die surface of the table. 
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The apparatus best adapted to distilling off any desired quan- 
tity of ether is represented in Fig. 29. A fractionating Bask, 
into the neck of which a dropping-funnel is inserted, is con- 
nected with an ordinary condenser or an upright coil condenser. 
During the heating by means of hot water, or in special cases, 
the water-bath may be heated with a flame, or the flask may be 
heated directly by a flame protected by a safety gauze, the ethereal 
solution is allowed to flow gradually from the dropping-funnel inio 
the flask in the bottom of which are a few scraps of ptalinum, 
or pieces of unglazed porcelain. 




If the flow of the solution is regulated so that the same quantity 
of liquid is added as that distilled, the operation may be carried 
on continuously for hours. The quantity of ether collected in the 
receiver is prevented from becoming too large, by pouring it into a 
larger vessel from time to time. To protect the ether from igni- 
tion, the mouth of the receiver is closed by a loose plug of cotton, 
or the receiver, united to the condensing tube by a cork, is con- 
nected with the hood by rubber tubing. Besides its convenient 
manipulation, this method possesses the further advantage that 
after the completion of the distillation the dropping-funne! tnay 
be replaced by a thermometer, and the residue can be distilled 
directly from ihe fractionating flask. This is an especially eco- 
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^^H Qomical procedure when the quantity of the dissolved substanc* 

^^B is small. In a case of this kind the size of the flask is selected 

^^^a with reference to the residue that may be expected. In distilling 

^^B off alcohol, it is necessary to heat the water-bath continuously, 

^^r and to always use threads. The distillation may be hastened bf 

I placing the flask not upon, but in, the water-bath. If a solution 

of common salt is employed in the bath, the temperature is raised, 

and the distillation proceeds still more rapidly. 

^^^ Cylinders that fit in the water-bath, and are perforated at the 

^^H bottom and on the sides, may be used with great advantage in 

^^H place of the simple ring covers. This device permits the heating 

^^V of the distillation flask with steam, not only at the bottom, but a 

^^H on th& sides. 

^^F If one has had sufficient experience in laboratory work, alcohol 
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I may be distilled off by heating the flask on a wire gauze or s 
bath over a flame. In this case especial care must be tal 
to use too large quantities at one time. Benzene can be (i 
off under the same conditions as alcohol. The methods i 
cable to high boiling liquids have been given under ' 
tion." (See page i6.) 
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In comparatively few cases the difference between the boiling- 
points of the solvent and the dissolved substance is a slight one ; 
under these conditions the separation must be effected by a 
systematic fractional distillation with the aid of fractionating 
apparatus. 

DISTILLATION WITH STEAM 

A particular kind of distillation, very frequently employed in 
organic work for the purification or separation of a mixture, is 
distillation with steam. Many substances, even those distilling far 
above ioo°, or those not volatile without decomposition, possess 
the property, when heated with water, or when steam is passed 
over or through them, of volatilising with the steam. This phe- 
nomenon is explained as follows : Suppose we take a mixture of 
two liquids that are absolutely insoluble in one another. Each 
liquid will exert its own vapour pressure as it would if it were 
alone, and will not in any way be influenred by the other. A 
practical example of this, to be taken up later, is a mixture of 
water (B. P. loo") and brombenzene (B. P. 155°). When this is 
gradually heated, the vapour pressure of both substances will in- 
crease, and boiling will begin when the sum of the vapour pres- 
sures is equal to the barometric pressure, which we shall assume 
to be 760 mm. The mixture will boil at 95.25", as will be seen 
from the following table : 
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Thus at this temperature a mixture of water and brombenzene 
distils over. The proportion of the two substances will be seen 
from the following considerations : .'iccording to Avogadro's Law, 
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under the same conditions of temperature and pressure equal 
volumes of all ideal gases contain the same number of molecules. 
If temperature is the same and pressure different, the number of 
molecules in the same volume will be proportional to the pressure, 
consider the mixture consisting of the vapours of water 
brombenzene at 95.25". Since at this temperature the former 
exerts a vapour pressure of 639 mm., and the latter a vapour pres- 1 
sure of 121 mm., the molecular quantities must be in thi 
ratio, i.e. for every 639 molecules of water iii molecules of brom- 
benzene will be present. In order to calculate the weights of 
substances that distil over, we must multiply the number of 
cules with the molecular weight of each substance. I 
example, for 639 x iS parts by weight of water, lar X 157 parTi 
by weight of brombenzene will distil over, which correspoDds 
approximately to 3 parts by weight of water and j parts by weight 
of brombenzene. This proportion remains constant until one of 
the two has completely distilled over. 

It must be stated that such an ideal condition of distillation 
with steam is never realised. There are no substances that are 
absolutely insoluble in one another. Furthermore, there is the 
disturbing influence of vapour pressure, which is quite small in the 
example given above. And again, since vapours do not strictly 
obey Avogadro's Law, the ratio of the two substances in the dis- 
tillate is somewhat irregular. Finally, since the healing is carried 
out by steam, and the temperature of the substance is never raised 
to the exact boiling point, the mean temperature is somewhat 
different from that given above, and the proportions are therefore 
altered. 

Apparatus. — The apparatus used for distillation with steam ■ 
is represented in Fig. 30. A round flask inclined at an 
is closed by a two-hole cork ; through one hole passes 
too narrow glass tube reaching to the bottom and serving 
lead in the steam ; the other hole bears a short 
the end of which is just below the cork, the other end 
nected with a long condenser. The distillation flask selected' 
of such a size that the liquid fills it not more than half 
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In order that the steam may act on an oil at the bottom of 
the flask, the inlet tube is bent so that it may reach the lowest 
point of the flask. Steam is generated in a tin vessel about 
half-filled with water, tlie neck being closed by a two-hole stop- 
per; into one hole is inserted a safety-tube partially filled with 
mercury; the lower end of this tube does not touch the water; 
through the other hole passes the outlet tube bent at a right 
angle. 

Method of Procedare. — - The experiment is begun by heating 
the steam generator and the flask simultaneously, the former con- 
veniently by means of a low burner (Fletcher burner). The flask 
may be heated on a wire gauze over a free flame ; but since at 
times a very troublesome "bumping" will occur, it is better, if 
this happens, to heat on a briskly boiling water-bath. As soon 
as the water in the generator boils and the liquid in the flask has 
been heated to the proper point, the tubes of the two vessels are 
connected with rubber tubing. The distillation is then continued 
until the condensed steam passes over unaccompanied by any of 
the substance. Should the steam escape from the safety-tube, 
the generator is being heated too strongly, and the flame should 
be lowered. To prevent the partial condensation of vapours in 
the upper cool pan of the flask this should be covered with sev- 
eral layers of 'thick cloth to lessen the radiation of heat. If the 
quantity of substance to be distilled is small, so that only a small 
flask need be used, the preliminary and continued heating of the 
latter is superfluous ; the steam can be passed at once into the 
cold liquid. If a compound is very easily volatile with steam, 
the introduction of the latter may be omitted ; in this case it is 
only necessary lo mix the compound with several times its volume 
of'water and distil directly from the flask. If the substance to 
be distilled is solid, and its vapour forms crystals in the condenser, 
these may be removed provided the substance melts below 100°, 
by drawing off the water in the condenser for a short lime. The 
substance is melted by ihe hot steam and flows into the receiver. 
If after this operation the water is 10 be turned into the condenser 
, it must be done slowly at first, otherwise the cold water 
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g ID contact with the hot condenser may easily crack it 1 
the meitiDg-point of the substance is above 100°, in order J 
p the condenser free from crystals, the distillation is inter- j 
I for a short time, and the crystals are pushed out of the ] 
ly a long glass rod. 

i end of the operation is indicated, if the substance is difli- 
soluble in water, by the fact that the water passing over 
i no drops of oi! or crystals with it. But when the substance 
ble, even though the condensed water is apparently pure, it 
till contain considerable quantities of the dissolved substance. 
i case, to deternune when the end of the operation has been 
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;d, a small quantity, about 10 c.c, is collected in a test-tube, 
n up with ether, the ether decanted and evaporated. If no 
e remains, the distillation is finished. When a substance 
a colour reaction, e^. aniline with bleaching powder, 
tage is taken of this to decide the question. After the 
ation is ended the rubber tubing is first removed from the 
ing flask, and then, a/ler this has been done, the flame under 
enerator is extinguished. This point is also carefully ob- 
i when the distiUalion is interrupted ; otherwise it may 
;n that the contents of the flask will be drawn back into 
enerator. 

jerhealed Steam. — In dealing with very difflcultly volatile 
ounds, it is frequently necessary to conduct the distillation 
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with the aid of superheated steam. A conically woiind 
tube is interposed betweeo the steam generator and the distilling 
flask (Fig. 31). In order to superheat the steam, a large burner is 
placed under the spiral in such a position that the flame comes in 
contact with the interior of the spiral. Since for many purposes 
it is necessary lo use superheated steam at a definite temperature, 
a small opening is made in the steam exit and a piece of metal 
tubing afiixed to it. A thermometer is inserted into this tubulure 
and held in position by means of asbestos twine. The distillatioa, 
is still further facilitated by heating the flask to a high tempci 
ture in an oil- or water-bath. Under these conditions the sub^ 
stance to be distilled is not covered with a layer of water. 

The apparatus represented in Fig. 31 a was proposed by 
V. Haehl and Co. of Strassburg. It is made in diflferent sizes, 
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and may be used with great advantage in the laboratory and fotu 
work on the large scale. It consists of a hollow filter-plate, 
rounded with a double layer of thick asbestos board. The laiK 
is provided with a large opening in the lower half for the heat 
the flame. A number of smaller openings are found in the upper 
half, which permit the escape of the hot gases. The superheal- 
ing of the steam is rendered very efficient by tlie passage of the 
hot gases through the numerous canals. 
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SEPARATION OF LIQUID MIXTURES. SEPARATIofJ" 
BV EXTRACTION. SALTING OUT 

Separation of Liquids. — If the separation of large quantities ot 
two non-miscible liquids, one of which is for the most part water 
or a water solution, is to be effected, it can be done 
with a separating funnel (Fig. 32). If the liquid 
desired is of a greater specific gravity than that of 
water, it is allowed to flow off through the stem by 
opening the cock. If, however, it floats upon tlie 
water, the latter is first allowed to flow oflj and the 
liquid remaining is poured out of the top of Iht fun- 
nel. By this manipulation the liquid is prevented 
from coming in contact with the portion of water 
remaining in the cock, and adhering lo the i^ides of 
the stem. For the separation of small <iuantities of 
liquids a small separating funnel, the so-called drop- 
ping fiinnel, is employed. If the quantity of liquid is 
so small that even a dropping funnel is too large, a f'"- 3'. 
capillary pipette is nsed (Figs. 33 and 34). The mixture to be 
separated is placed in a narrow test-tube, the pipette is immcriied 
in the mixture almost to the surface of contact of the two )iquid« 
in case the upper layer is to be removed, the test-lube is brought 
to the level of the eyes, and the upper layer drawn off. The 
tubing is then closed by pressure with the teeth or finger* and the 
pipette removed from the tube. If the lower layer is the one 
dedred, the pipette is immersed lo itie bottom of the test-tube, 
and the operation conducted as before. Pipettes of this kind arc 
very easily made from glass tutnng; and if one is acctistomed to 
work with them, are iDdispeoaable. 

Separation by ExUaction. — When a mbstance is held in «u- 
pension or dissolved in 3 Itqnid, generally water, the xatum^ tA 
the dissolved anbatance niay be effected by agiuting the sohition 
with anoihei soKent wtrich will more readily di'Moh'e the «iih«iance, 
but which is Dot miwiMe with the Ant Ikjiiid, drawing otf this and 
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. vvilling it. For extraction, ether is generally used ; in special 
jfiLses carbon disulphide, ligroi'n, chloroform, benzene, aniyl 
'^hol, etc., may be used. In the discussion following it will 
assumed that the extraction is made with ether. 

If the liquid to be separated is insoluble in water and is preseni 
in such a small quantity ihat a direct separation would cause a 
loss owing to the adhesion of the liquid to the walls of the vessel, 
or if it is held in suspension by the water in the form of individuaJ 




Fig. 33. 



Fig. 34. 



^H us 

Mb, 



drops, ether is added to the mixture ; it is then shaken, aUom 
stand, the two layers separated, and the ether evaporated. 
A similar method is followed if the substance is complel 
soluble in water, or if a portion of it is soluble and 1 
remainder held in suspension. If from an aqueous solution ^ 
considerable portion of a solid or liquid separates out, i 
immediately extracted with ether, but if the substance ; 
ratmg out is a solid, it is first filtered off; if a liquid, the e 
layer is separated in a dropping funnel, and then the filtrate 
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extracted with ether. In many cases, e^. when the layer of oil 
is very turbid, or the solution strongly acid or alkaline, thus 
rendering filtration difficult, the entire solution may be treated 
at once with ether. With substances soluble in water the extrac- 
tion must be repeated one or more times in proportion to the 
greater or less solubility of the substance. If it is desirable to avoid 
using large quantities of ether, after the first extraction it is dis- 
tilled off and used for the second extraction, and so on. The 
extraction is repeated until a test portion of the ethereal solution, 
evaporated on a watch-glass, leaves no residue. If the test portion 
is evaporated by blowing the breath on it, the beginner will prob- 
ably often be deceived by the appearance of an abundant quan- 
tity of crystals of iVjf, formed by the condensation of the moisture 
of the breath, due to the cold produced by the evaporation of the 
ether. Another error into which the beginner often falls when 
extracting with ether is this ; in most chemical processes small 
quantities of coloured impurities are formed ; on extraction, these 
impart a colour to the ether. The tendency is to continue the ex- 
traction until the etheris no longer coloured; but the proper method 
of procedure is just the reverse of this. On extracting coleurless 
compounds, the colouring of the ether does not show that it still 
contains any of the substance dissolved ; the above-mentioned test 
gives the only safe indication of the presence of the substance. 

In an extraction the following points are to be observed : Hot 
liquids are allowed to stand until they are cold before ihey arc ex- 
tracted with ether, carbon disutphide, or other low boiling solvents. 
It frequently happens that, after long standing, two layers of liquids 
wil! not separate, in consequence of the formation of a flocculcnt 
precipitate floating in the liquids at the surface of contact. This 
difficulty may be obviated either by stirring the liquids with a glass 
rod, or by giving the separating funnel a circular motion in a hori- 
zontal plane, in such a way as not to cause the two layers to be 
mixed by the shaking. Under certain conditions the neck of the 
funnel may be closed with a cork bearing a glass tube attached to 
the suction ; by this means the space over the liquid is exhausted. 
The bubbles of gas which now rise through the liquid frequently 
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ungfleisch). Suppose we represent the maximum concentrations 
)y Kx and K^,^ and let k^ and k^ represent the concentrations of 
:he unsaturated solutions. We have the equation : 

If, for example, the amount of the dissolved substance is a, and 
f equal volumes of solvents i. and 2. are taken, after the first ex- 
Taction solvent i. will contain \a^ while solvent 2. will only con- 
ain \ a. The greater the difference in solubility the more com- 
plete will the extraction be. When two volumes of i. and one 
volume of 2. are used for extraction, the amount of a in two vol- 
imes of I. may be calculated in the following manner : 



Solvent. 


Volumes. 


Dissolved 
Substance. 


Concentration, i.e. quotient of 

dissolved substance and volumes 

of solvents. 


I. 
2. 


2 

I 


X 

a — X 


X 
2 

{a-x) 



The ratio of concentrations must now be equal to the distribution 
coefficient, ue, : 

X 

^^ = ^,and hence ;c = 4«. 
(a-x) i' 5 

The principle of distribution may be generally expressed as 
follows : 



Solvent. 


Volumes. 


Dissolved 
substance. 


Concentration. 


Coefficient of dis- 
tribution of I. 
according to 2. 


I. 
2. 




X 

a-^x 


X 
tf- X 


■k 

\ 
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a — x 



s=k, x = 



kavi 
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In practical work we have this question to consider : Is it exp 
ent to carry on the extraction in one operation by a given volum 
the solvent, or do this in several operations by the use of small ] 
tions of the solvent ? The question may be answered as follows 
the example under consideration, a single extraction by an e< 
volume of i. dissolved ^ a. If in a second experiment we < 
use a half volume of i. then x parts of a will go into solution, 
x will be smaller than ^ a. The portion that remains in soh 
in 2. will be {a — x). We therefore have the following ratio: 



Solvent. 


Volumes. 


Dissolved substance. 


Concentration, 
quotient of diss 
substance and 
umes df solvei 


I. 
2. 


I 
2 

I 


X 

a- X 

1 


X 

2 

a — jr 



But the ratio of concentrations must be equal to the coeffic 
of distribution ; consequently : 

2ji; 2 a 

= -: or^ = -» 

a — X 1 2 

One half of tf is therefore in solvent i. and the other half rem 
in solvent 2. If we now shake 2. with the second half of sol 

I., a portion equal to one half of -, namely -, will be extra< 

2 4 

by the latter. The total amount extracted by using solvent 1 

two portions is - 4- - = - ^, whereas the amount extracted ^ 

244 

the solvent is used in one operation is | a. Thus a given quai 
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solvent is much more efficient when it is used in small 
s than it is when all of it is used in one operation. The 
first procedure has the disadvantage of requiring more time than 
the second. But since in laboratory work time is of greater con- 
sequence than the price of the solvent, large quantities of the 
solvent are used in one operation. — It is clear from these obser- 
vations that a quantitative extraction, in the strict sense of the 
word, is impossible, even by a repetition of the process. Thus 

-H 1" o+~^ ■'■ cannot possibly be equal to a. 

The above discussions apply to solvents only which are not 
themselves miscible. This is not strictly true for mixtures of 
water and ether, since ether is soluble in water, as water is in ether. 

The same formulas may be used to express the solubilities of 
unit weights, as well as of unit volumes of solvents. In each case 
the distribution coefficient will naturally have a different value. 

Salting Out. — A very valuable method to induce substances 
dissolved in water to separate out is known as " salting out," 
Many substances soluble in pure water are insoluble ot difficultly 
soluble in an aqueous solution of certain salts ; if, therefore, sodium 
chloride, potassium chloride, potash, calcium chloride, ammonium 
chloride, Glauber's salt, sodium acetate, ammonium sulphate, or 
other salt is added to the solution, this is dissolved, and the sub- 
stance previously in solution separates out. By this method many 
compounds hke alcohol, acetone, etc., which are so easily soluble 
in water that they cannot be removed from it by extraction with 
ether, can be separated out with ease. The method of procedure 
is this L One of the above-mentioned salts, usually solid potash, is 
added to the solution until no more will dissolve. The substance 
thus forced out of solution collects above the heavier salt- solution 
and is removed by decantation or suction, 

A combination of extraction and salting out also presents many 
advantages. If to the solution of a compound in water one of 
the salts mentioned is added — it is best to use finely pulverized 
sodium chloride — before the extraction with ether, this latter is 
greatty facilitated for several reasons. In the first ;to9fe''y~~ni9H 



GENER.U, PART 

I of the dissolved substance will separate out, due to the " salting 
action ; iurtherraore, the solubility of the substance in the 
!w solvent ^sodium chloride solution — will be diminished 
so that on extracting, a larger portion is dissolved by the ethet i 
than on treating the solution directly with it, and finally, ether! 
does not dissolve so readily in a sodium chloride solurion as ill 
water, so that the volume of the ethereal solution is larger. Tiis I 
amount of sodium chloride to be added is about 25—30 graiiimH | 
of the finely pulverised salt to 100 c.c. of the aqueous solution. ,, 
Unfortunately the method of "salting out" has not been so 
generally adopted in scientific laboratories as it deserves, while b 
the laboratories of technical chemists it has long been in dailj 
use. Among the reagents constantly used, a bottle of solid sodinm 
chloride should not be wanting. In many cases, instead of tb( 
salt, a concentrated aqueous solution may also be used. Cot 
cemiug the salting out of electrolytes see theoretical consider* 
tions under " Benzenesul phonic Acid." 
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I As is well known, animal charcoal possesses the property cl 
being able to remove the colour from certain solutions ; for tte 
reason it is frequently employed in the laboratory to free a colour' 
less substance from coloured impurities. If it is to be used to 
remove the colour of a solid substance, the latter is first dissolved 
in a suitable solvent, then boiled with the animal charcoal and 
filtered. Before treating a hot solution, it is allowed to ctrf 
somewhat, since when animal charcoal comes in contact will 
liquids heated nearly to the boiling-point, a violent ebullition Is 
frequently caused, and an overflowing of the liquid may easily tab 
place. When a solvent not miscible with water is used, the ani- 
mal charcoal, which is generally moist, is previously dried on the 
water-bath. The solvent selected is such that upon cooling tke 
decolourised solution, the substance will crystallise out. Ir, 
ing out this operation, the general rule that no animal chai 
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solved, should be followed. Under these conditions only, is it 
certain that a portion of the substance does not remain undissolved 
mixed with the charcoal. The quantity of animal charcoal to be 
added to a solution depends upon the intensity of the colour of 
the latter. To a solution very slightly coloured, a small quantity 
is added ; to a deeply coloured solution, a larger quantity. Very 
finely divided precipitates in water which pass through the filter 
may also be reraoyed by the use of animal charcoal. When, i^. 
tin is precipitated with hydrogen sulphide, the tin sulphide is 
often so finely divided that it runs through the filter. If the 
liquid is boiled with animal charcoal, the filtration presents no 
difficulty. 

The use of animal charcoal, especially when it is in a very finely 
divided condition, has the disadvantage that at times it passes 
through the filter and contaminates the filtrate. This may be 
prevented frequently, by filtering again, or by boiling the filtrate 
d few minutes before the second filtration. When substances to 
be analysed have been decolourised with animal charcoal, care 
must always be taken to prevent the contamination of the sub- 
stance. In such cases it is again crystallised without the use of 
animal charcoal. This difficulty may also be prevented or essen- 
tially lessened, by washing the charcoal with water several times 
before using ; the portion suspended in the water is decanted, and 
only the coarser residue which easily settles at the bottom is used. 

Recently the use of animal charcoal in the sugar industry has 
been replaced in part by a mixture of fine wood meal and floated 
infusorial earth (kieselguhr) . This mixture ought to be of great 
advantage in the laboratory, for decolourising purposes, if used in 
the same way on a small scale. To the mixture is ascribed very 
superior purifying properties, so that by using much smaller quan- 
tities the same effect is obtained as with far larger quantities of 
animal charcoal. In order to prevent an easily oxidisable liquid 
from decomposing when it is heated in the air — this aclion being 
generally attended with more or less colouration — a gaseous re- 
ducing or protecting agent is passed through it ; e^. sulphur dioxide, 
hydrogen sulphide, or carbon dioxide. Very easlVv q 
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stances are not evaporated in a dish, but in a flask, since in this 
the liquid is better protected from the action of the air. 

Not only coloured impurities, but those of a tarry character, 
may also be removed by boiling with animal charcoal as above 
described. A mixture of wood meal and infusorial earth with 
which the solution may likewise be boiled is said to be of great 
value. 

For the absorption of tarry impurities, in so far as they art 
liquid or oily, unglazed, porous plates (drying plates) may be 
used with advantage, the substances being firmly pressed out with T 
a spatula in a thin layer. If one pressing out is insufficient, the 
substance is spread out again upon a fresh, unused portion of 
the plate. The absorption of an oil may often be facilitated by 
moistening the substance on the plate with alcohol, ether, or 
ligroi'n, which at times will dissolve the impurities without causing 
a solution of the substance. Oily by-products may also be removed 
by pressing the substance between a number of layers of filter- 
paper. For this purpose either a screw-press is used, or the 
substance is placed in layers of filter-paper between two woodes 
blocks, the upper one of which bears a heavy object 

DRYING 

Dr3ning Solid Compounds. — Under the chapter on ** Cr3rstallisa' 
tion," page 9, the method of drying moist crystals has already been 
given. This method is naturally applicable to all solids, even if 
they are not crystalHsed, or only imperfectly crystallised, so that it 
will be unnecessary to repeat the directions already given. Bat 
a few methods, not so refined, and generally employed in dealing 
with cnide products will be referred to here. Before a substance 
is dried by allowing it to lie in the air or in a desiccator, or by 
heating, the greatest portion of the moisture is removed by press- 
ure, as follows : The substance lying between a number of layers 
of filter-paper is placed in a screw press, and pressure applied. 
The operation is repeated, and the paper renewed, until it is no 
longer moistened. If a solid is not contaminated by water or other 
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solvent, but by a liquid by-product, which one desires to obtain, 
the paper, after it has absorbed this liquid substance, can be ex- 
tracted with a solvent, like ether. Large masses of a compound 
" not too finely granulated can be tied up in a piece of filcer-cloth 
of fine texture, placed in the screw press, and pressure applied. 
Smaller quantities of a substance may be pressed out between two 
wooden blocks, the upper of which bears a heavy object. 

Very often solids may be dried by making use of the power 
of unghzed porcelain to ateorb liquids with avidity. The sub- 
stance to be dried is pressed out in a thin layer upon a suitable 
piece of an unglazed porcelain plate, with a spatula, and is allowed 
to stand for some time, longer or shorter, as may be necessary. 
If one pressing out is not sufficient, the operation is repeated, 
using a fresh plate. Oily and tarry impurities may also be removed 
in this way, as mentioned above. 

Compounds which fuse without decomposition may be dried 
either upon the water-bath or in an air-bath, or by heating over 
a free flame until they melt, allowing them to solidify, and then 
pouring off the water. 

In order to dry a substance at a high temperature in a vacuum, 
two glass hemispheres, the edges of which are ground and fitted 
together, are used. The upper vessel is supplied with a tubulure, 
the opening of which is closed by a cork bearing a glass tube bent 
at a right angle connected with suction. The sphere may be 
heated by immersion in a large quantity of hot water or on a 
boihng water-bath. The upper hemisphere is enveloped in a 
cloth to prevent the condensation of the vapours. 

Drying Agents for Liquida. — - Liquids are dried (deprived of 
water) either by placing in them, or in a solution of them, drying 
agents. The most frequently employed drying agents are : 

Calcium chloride, 

(«) granulated, 

(6) (used, 
Potassium hydroxide. 
Sodium hydroxide. 
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Ignited potash, 

Fused sodium sulphate, 

Dehydrated magoesium sulphate. 
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Less frequently used are : lime, barium oxide, anhydrous sodium 
carbonate, anhydrous copper sulphate, phosphorus penloside, 
sodium, and others. 

In the choice of a drving agent care must be taken to selKl 
one which will nol react with the substance to be dried. 
example, calcium chloride unites to form double compounds vrilli 
alcohols as well as with bases. Consequently, for drying these 
two classes of compounds, calcium chloride is never used. Cau 
potash and caustic soda, as is well known, react with acids and 
phenols to form salts, upon alcohols to form alcoholates, and upor 
esters, saponifying them. These drying agents are never us 
with these substances. Further, acids are never dried with c 
bonates, owing to the salt formation taking place. 

Calcium chloride is employed in two forms, — granulated snd 
fiised. The former acts more energetically, since i 
larger acting surface. Still, it has the disadvantage of being mote 
porous than the fused variety and in consequence of this porwili 
the loss of the substance being dried is greater. For drying sm^l 
quantities of a substance, or liquids containing very little moistntei 
it is better, therefore, to use fused calcium chloride. 

On dryiug bases with caustic potash or caustic soda, it mustli 
borne in mind that these drying agents may be contaminated 
times, with potassium nitrite or sodium nitrite. Since these Ii 
act ujjon bases, decomposing them, it is necessary to use the p 
alkalies, or in place of them potassium carbonate or Glauber's a 

Methods of Drying. — As already mentioned, liquids may t 
dried either in the undiluted form or in solution. The first method 1 
is followed when the quantity of the liquid is considerable, so thai } 
the loss of the substance necessarily incident to the adhesion of 
the liquid to the drying agent cannot amount to a large percent- 
age of the whole. Low boiling liquids are always dried direclly, 
without the use of a solvent. If a solution of a higher boilii^ 
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compound is to be dried, it is done before the solvent is distilled 
off. A small quantity of a. substance or a viscous substance is 
designedly treated with a diluting agent, generally ether, and 
is then dried. 

The drying is accompUshed by placing the drying agent in the 
liquid and allowing the two substances to remain in contact for 
a longer or shorter time, according to circumstances. So long 
as a liquid appears turbid, it has not been deprived of its moisture, 
A hquid about to be dried must never contain drops of water 
which are visible ; in case it does, it must be treated in a separating 
funnel or the water drawn off with a capillary pipette : it is then 
dried. If only a few small drops of water are present, the liquid 
is first filtered through a small folded filter, or it is poured care- 
fully into another vessel, and the water drops will remain in the 
first vessel, adhering to the walls. When a separation of an ethereal 
from an aqueous solution is to be made, to prevent a portion of 
the water from being carried along with the ethereal solurion, the 
former is not drawn off through the cock of the vessel, but is 
poured out of the mouth, as has already been mentioned. 

If a liquid contains very much moisture, and this is the case 
especially in turbid, milky liquids, it frequently happens that the 
drying agent will absorb enough water to dissolve itself and thus 
form an aqueous solution. In this case a fresh quantity of the 
drying agent is not added at once, but the separation of the two 
layers is effected by a separating fiinnel, pipette, or by decanting 
one of the layers. 

A similar rule obtains for undiluted liquids. The drying of 
high boiling substances, if they are not volatile at the temperature 
of the water-bath, may be greatly facilitated by heating them with 
the drying agent on the water-bath. 

If the boiling point of a liquid is above 200°, it may be freed 
from water, without the aid of a drying agent, by heating for some 
time on a water-bath under diminished pressure. The water 
will thus distil over. The apparatus represented in Fig. 20, 
page a? is employed for this purpose. The use of a manometer 
will be unnecessary if this is connected with a good siOaow ■^\mk^. 
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Before distilling a liquid which has been dried, or before « 
tilling off the solvent from such a liquid, it is poured off from i 
drying agent. To obtain the small portions which adhere to tl 
latter it may be washed with a small quantity of the dried solveE 
Low boiling individual liquids (boiling on water-bath) can, u 
certain conditions, be distilled without a pievious separation froi 
the drying agent If the liquid to be dried is of such a speciN 
gravity that the drying agent will float in it, then, in order to c 
the separation, it is poured through a funnel containing a smi 
quantity of glass wool, or asbestos. In some cases, which, 
ever, are rare, a liquid not easily volatile may be dried by expt 
ing it in a dish as shallow as possible in a partially exhatistn 
desiccator. 

FILTRATION 

While in analytical operations it is much more desirable to 
conduct filtralions without employing pressure, the precipitates 
obtained in organic preparation work are filtered with pressure 
whenever it is possible. The method presents a number of ad- 
vantages : the filtration may be made in a much shorter time ; the 
liquid may be much more completely sepa- 
rated from the precipitate, in consequence of ' 
which the latter will dry more rapidly, etc. 

The student has already learned the meth- 
ods of filtering without pressure in the opera- 
tions of analytical chemistry, but he is advised 
to reread the chapter on Crystallisation (see 
page i). 

Filtration with Suction. — For filtering un- 
der pressure (suction), a filtering flask a (suc- 
tion flask) with a side-tube i (Fig. 35) is used. 
An ordinary flask may be converted into a 
suction flask by fitting to it a two-hole rubber | 
stopper ; through one hole is passed the stem 
of a funnel, through the other a glass tube, 
I iient at a righ t angle, one end of which passes just through the cotl; 
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while the other is attached to the suctioD. For this purpose fiaska 
with thick walls are selected, in order that they may not be crushed 
by the atmuspheric pressure on exhaustion; if a thin-walled flask 
is used, it must be exhausted but slightly. 

The funnel nsed is, in many cases, the ordinary conical glass form, 
in which is placed ihe filter. If the funnel is imperfect in construc- 
tion, and does not possess the correct angle (60°) , the filter is made 
narrower or wider, as the case may be, to accommodate it to the 
angle of the funnel. In order that the point of the filter not sup- 
ported by the glass walls of the funnel, may not tear on exhaustion, 
a platinum cone c is previously placed in the funnel. 

If a platinum cone is not at hand, it may be replaced by a coni- 
cally folded piece of parchment paper or filter-cloth. The filter 
is moistened with the same liquid which is to be filtered, otherwise 
it may happen that the filtration is prevented, or, at least, rendered 
diificuit ; e.g. if the filter has been moistened with water, mid an 
alcoholic solution is to be filtered through it, the substance dis- 
solved in the alcohol may be precipitated in the pores of the filter 
by the water. If a liquid foams excessively on filtering, as happens 
at times with alkaline liquids, the rubber tubing is removed sud- 
denly from time to time from the filter-flask. The pressure of the 
in-rushing air destroys the bubbles. The foaming may also be pre- \ 
vented at times by treating the filtrate with a few drops of alcohol I 
or ether. This is one of the common methods of preventing foam- •' 
ing in general. When filtering very small quantities of a liquid, a 
test-tube is placed in the filter-flask, as is represented in Fig, 36. 

The suction surface may be increased by placing a so-called 
filler-plate of glass or porcelain in the funnel (Fig. 37). If a 
filter-plate is used, the filter-paper should be of two thicknesses. 
Upon the plate is first placed a round filter of exactly the same 
size as the plate, and upon this another round filter, the edge of 
which projects about 2-3 mm. beyond that of the plate. 

The Biichner fiinnel is indispensable in working with organic 
substances. In consequence of its large suction surface, a very 
rapid filtration is possible. In the filtration of large quantities 
of substance it should always be used (Fig- 3^'^ 



A double filter (described above) may be used in this, but u. 

ngle filter is sufficient. Since the BUchner funnels 

made of porcelain, and consequently are opaque, they n 

ifiilly cleaned immediately after using. 
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Fig. 36, 



Fig. 38. 



Similar to the BUchner funnel in its construction and action is 
the so-called " Nutsch " filter. This consists of a shallow dish wilh 
a perforated bottom, which is 
fitted to the cover of a tubu- 
lated cylinder by means of a 
rubber ring, the joint being 
air-tight (Fig. 39). 

If ihe solution to be filtered 
acts on the filter-paper, filter- 
cloth may be used in its place. 
A fine or coarse meshed cloth 
is selected, according to the 
nature of the precipitate; it is 
moistened before the filtra- 
tion. 

If this is also attacked, 
nitrocellulose cloth may be 
used ; it is made by treating '"^' ^^' 

a cloth woven from- plant fibres with a mixture of nitric and sol- 
c acids. Concentrated sulphuric acid may be filtered thraugh 
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it. Such cloth and other substances coDtaining nitrocellulose must 
always be preserved under water, on account of their exploaiveness. 
In cases of this kind the precipitate is retained by using glass 
wool, or better, long fibrous asbestos, with which the bottom of the 
funnel, containing in this case a platinum cone, is filled, or it is 
spread out in thin layers over a filtering plate, or on the siu^ce of 
a Blichner funnel. Under these conditions, the suction is applied 
gently at the beginning of the filtration ; as soon as a large quantity 
of the precipitate has accumulated, the suction is increased. Re- 
cently acid- and alkali-proof filter disks have also been used in the 
arts. By the aid of asbestos linings these may be placed in conical 
or BUchner fijnnels, and made to render excellent service. Very 
coarse-grained precipitates can be filtered without the use of a filter 
by placing in the point of an ordinary glass funnel a sphere of glass (a 
marble) ; this is surrounded by glass wooi, or asbestos, if necessary. 
Pukall Cells. — For the filtration of precipitates, like calcium 
sulphate, barium sulphate, of strongly acid liquids, etc., Pukall's 
cells (porous cells), made of 
unglazed clay, are very use- 
iil. They may be procured 
a different sizes in the mar- 
ket, and possess either the 
form of a cylinder or a mor- 
r pestle. The operation is 
8 performed as follows : In the 
mouth of the cell is placed a 
closely fitting stopper bearing 
a glass tube bent twice at right angles, connected with a filter-flask. 
The tube at each end projects slightiy below the stopper (Fig. 40). 
The cell is now immersed in the liquid to be filtered, contained in. 
a beaker, not too wide, until it almost touches the bottom. When 
the suction is apphed, the liquid filters through the porous walls I 
until the eel! is filled, and is then drawn into the flask; the pre- 1 
cipitate remains behind in the vessel, and for the most part is . 
deposited on the exterior walls of the cell. 

Filter-PresB. — For the filtration of large quaiiltots ol s'it&'ranKKS. 
iffiich filter with difUcuky, especially dye-aVuKs, 'ba.iVAKv 
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calcium sulphate, etc., fil 
ter-presses are often used 
of which the Hempel form 
will be described (Fig, 41) 
The separation of the liquid 
from the precipitate is ef 
fected in the cell c, which 
consists of two perforated 
porcelain plates between 
whichisanibberring. The 
first operation in working 
with thepressisthe prepara 
tion of the cells. Twocircu 
lar pieces of filter-cloth and 
two of filter-paper the same 
size as the plates are cut , 
after the cloth (linen or 
musHn) has been thoroughly 
moistened with water, the 
cells are made as follows 
At the bottom comes the 
perforated plate upon which 
is placed one layer of the 
filter- paper, and upon this 
the cloth. After a wide glass 
tube^.which extends almost 
to the opposite side of the 
cell, lias been inserted into 
the opening of the rubber 
ring, this is placed upon the 
cloth, then follows the other 
piece of cloth, filter-paper 
and finally the second plate 
The cell is now secured by 
three clamps, one of which 
is attached near the glass 
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tube, and the others equally distant from this. The cell is now 
ready for the filtration, aud is placed between the two corrugated 
glass plates il. Before it is connected with the vertical tube 6, the 
pinch-cock on this is closed, water is poured into the funnel a, 
and the cock is now opened until the vertical tube is filled. The 
cock is again closed and the tube is connected with the cells, the 
liquid to be filtered poured into the funnel and the cock opened. 
During the resulting filtration care is taken to keep the funnel 
partially filled so that the vertical tube is constantly full. If the 
first portions run through turbid, they are returned to the funnel. 
In order to wash the precipitate collecting in the cell, the glass 
lube passing through the rubber ring is partly withdrawn, so that 
it projects into the cell but a few centimetres. This causes a 
canal to be formed in the cell from which the wash water can 
permeate the precipitate in all directions. If the precipitate is 
large enough to completely fill the interior space of the cell, it 
forms a soUd cake that can be removed without difficulty. But 
if the precipitate is small, and it is desired to obtain it, the glass 
tube is withdrawn from the rubber ring, the contents of the cell, 
generally half-fluid, are 
poured into a beaker, 
the cell taken apart, and 
the precipiute adhering 
.^- .^^, to the sides scraped off 

^_ ^^^ ^^-sj^^Bl^' *'''' ^ spatula. By fil- 

^H ,^^sl;^^^^^^^^^^% tering with suction a 

1^^ S^^^ complete separation of 

the liquid and precipi- 
Fio. 43. tate is effected. If it is 

desired to filter larger quantities of a precipitate than can con- 
veniently be done in a single cell, two cells connected by a Y-tube 
may be used. 

Filtering throngli HusUn. — Precipitates which are not too 
finely divided may be filtered off through a filter-cloth (muslin) 
stretched over a wooden frame Cfilter-framei (Tig. 41). A square 
piece of muslin or linen, after being thoroughly moistetwd, i<, 
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fastened on the four nails of the frame in such a way as to cause 
a shallow bag in the middle. The frame is placed over a dish of 
the proper size and the liquid to be filtered is poured on the 
cloth and generally filters rapidly through it. If it is desired after 
washing the precipitate to press it out, the cloth is taken from 
the four corners, folded together, and squeezed with the hands. 
The precipitate may be further dried, by tying up the opening 
of the bag with twine, and then pressing it out carefully under a 
screw-press. 
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Sealed Tubes. Method of Filling. — If it b desired to induce 
a reactioD between two substances a.t a temperatnie above their 
boiling-points, they are generally heated in sealed tubes. If a 
quantitative determination is not to be made, if the substances 
to be heated do not attack the glass or generate no gases, and if 
the heating is not to be high, soft glass tubes may be used. But 
generally, and in quantitative determinations alwaj-s, difficultly 
fiisiblejubes of potash glas s are used, since they are not so easily 
acted upon and do not crack so readily as the former. In filling 
the tubes the following points are observed. The tube js dried 
before placing the substance in it. Never put solid or liquid 
substances directly in the tube, but with the aid of a fimnel-tube 
which should be as wide as possible when the substance is a solid. 
In proportion to the temperature of the heating a greater or less 
pressure is developed ; therefore more or less of the substance is 
placed in the tube, depending on the conditions. The tube is 
never more than half-filled. Easily volatile substances as well 
as those giving off vapours, like hydrochloric and hydriodic acids, 
which render the sealing of the tube difficult, are transferred to 
the tube just before the sealing is to be done. In withdrawing 
the funnel-tube care is taken to avoid bringing it in contact 
with the walls of the tube. 

Sealing. — To seal the open end of a tube charged with the 
substance, it is warmed by holding it at an angle of about 45', 
with constant turning, in the small luminous flame of a blast-lamp, 
and then heated strongly in a larger non-luminous flame ; when 
the glass becomes soft, a previously somewhat warmed glass rod 
is fused to it (Fig. 43, 1). The flame is then applied to the tube 
at a short distance from the opening, and as soon as the glass has 
become soft the tube is narrowed by drawing it out suddenly (II). 
After breaking off or cutting off the end of the capillary tube at 
1, to allow the air to escape on further heating, it is heated at b, 
when the tube is softened at this point it is dia.wii cniv. ^VS.^*^, 



f 



64 GENERAL PART 

the heat is applied just below i, it is drawn out again, and 

the result is that the form of the end of the tube gradi 
changes from a cylinder to a shaqD-pointed cone. The narrow( 
part of the latter is then heated with a not too large flame 
without drawing it further. The soft glass melts togetht 
there is thus obtained a thick-walled capillary tube which 
melted off at the proper place (III). Figure 44 shows 
sealed portion of a tube in its natural size. In the formatioa< 
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Fig. 43. 

the capillary portion, it is desirable not to turn the tube in 
manner previously directed, but to give it a few turns in one 
tion and then to reverse the motion, otherwise a spiral would be 
formed owing to the smallness of the glass at that point. Aiter 
sealing, the heated portion is cooled gradually by holding it in f 
the luminous flame until it is blackened. The sealing of hari 
glass tubes may be facilitated by placing a brick or tile near 
_ flame in such a position that the heat will be reflected. If 
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is in possession of a cylinder of oxygen, it may be attached to 
the blast-lamp in place of the blast. At the high temperature 
of the illuminating gas-oxygen flame, the sealing may be effected 
with great ease. 

In many cases the operation is rendered difficult by the vapours 
of the substance attacking the glass, or by the decomposition of 
the substance with the evolution of troublesome products like 
carbon, iodine, etc. Under these conditions, the tube is not 
drawn out first to a narrow tube, as above, but the glass rod 
fused on is allowed to remain, and this is used to draw out the 
tube. The sealing is rendered less difficult by allowing the air 
to have free access to the tube, in order that the evolved vapours 
may pass out unimpeded. The separation of carbon may be 
avoided by having an assistant direct a continuous current of air, 
during the heating, through a narrow tube into the upper part 
of the tube being sealed; this will cause the oxidation of the 
carbon. When dealing with very volatile substances, during the 
sealing the lower part of the tube is cooled by water, ice, or a 
freezing mixture. In this case, the services of an assistant will 
be needed to give to the vessel containing the cooling agent a 
circular motion corresponding to that of the tube. Under these 
conditions, it is often advisable to narrow the tube before charging 
it with the substance, so that it will just admit a fiinnel-tube as 
narrow as possible. 

Heating. — The heating of sealed tubes (bombs) is conducted 
in the so-called " bomb-furnace," of which a convenient form is 
represented in Fig. 45, To be able to carry out the operation of 
heating at a definite temperature, a cork, covered with asbestos 
paper, bearing a thermometer, is fitted into the opening at the 
top of the furnace. The bulb of the thermometer must be about 
I cm. above the bottom of the iron tube. The sealed tube is not 
heated directly, but in a thick-walled protecting case of iron 
closed at one end, in which the glass tube is so placed that the 
capilkuy portion is at the open end. In transferring the glass 
tube to the iron casing the latter is not held vertically, but is 
slightly inclined from the horizontal, so that the glass tube may 
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not be broken by suddenly striking the bottom. The iron cist 
is pushed into ttie furnace open end first, so tiiat in case of ai' 
explosion tiie fragments of glass are not thrown out of the fw- 
ward end but from the rear of the furnace, directed toward a waU 
A " fragment cage " renders the flying pieces of glass harmless. 
After the tube is in position the front opening is closed by a 
" drop-slide." The tubes are not heated at once up to the desired 
temperature, but are warmed gradually. If it is desired to 
heat a furnace similar to the one represented to a low tempera' 
ture, the gas tubes are raised and small flames used, rather than 
a lowering of the ga^-tube and the corresponding increase in size 




Fig. «. 

of flame. The danger of the bursting of the glass tubes may, 
be diminished in many cases, particularly in those in which 
very high pressure is developed, by interrupting the 
a certain length of time, opening the capillary after the tube 
completely cooled, and allowing the gases which have been gen- 
erated to escape. The tube is then resealed and heated again. 

If tubes are to be heated not higher than loo", the convenienl 
so-called " water-bath cannon " is used, in which the case enclos- 
ing the tube is heated by steam at ordinary pressure ; in this case 
overheating is impossible. 

Opening the Tubes. — Sealed tubes must not be opened unli 
after they are completely cold. The protecting case of iron, con- 
tainiag the tube, is removed from the furnace and held in a sti^I 
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inclined position, the end of the capillary being higher than the 
rear end. Uy means of a slight jerk tlie capillar)' end of the glass 
tube is caused to project from the iron case. The extreme end 
of the capillary is now held in the flame of a Bunsen burner. In 
case there is an internal pressure in the tube, the glass on becom- 
ing soft will be blown out and the gases will escape from the 
opening thus made, often with such force as to extinguish the 
flame. If on the softening of the glass the capillary is not blown 
out, it may be due to the absence of internal pressure or the tube 
may be stopped up by some of the substance. In the latter case 
the substance is removed by heating. To show that there is an 
internal pressure the capillary is helj after it has been opened 
near a small luminous flame ; if the latter is blown out in a lorig 
thin flame sidewise, obviously there is pressure. If great pressure 
exists in a tube to be opened, before blowing the capillary the 
hand holding the iron casing is protected by a thick glove or a 
cloth is wrapped around the casing several times at the point 
where it is held, so that if the tube bursts, in consequence of the 
sudden diminution of pressure, and the seam of the case should 
be torn open, the hand is protected from injury. In handling an 
unopened tube the greatest care possible must be observed. It is 
never removed from the iron casing to look at it or for any other 
purpose. On opening, it is held in suck a position that neither 
llie operator nor any one else can be injured in case of bursting. 

On heating substances with hydriodic acid and phosphorus, it 

sometimes happens, that the tube on being opened by a Same, 

^xplodes. In this case the explosion is due to the fact that the 

/ phosphine as well as the hydrogen evolved in the reaction have 

I formed an explosive mixture with the oxygen of the aJr present 

V in the tube. Under these conditions, the capillary is opened by 

snipping off' the end with pincers or tongs, but in doing so the 

greatest care must be observed. To remove the end of the cone, 

it is not necessary to proceed as described below, but the end 

of the tube is broken directly with a blow of a hammer. 

In order to break off the end of a tube after it has been opened, 
so that the contents may be emptied out, Xhc ■pTOC.ei\i\t "■» ^a 
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■follows : At that point of the tube where the cone begins, a well- 
defined file mark is made, not extending completely around the 
tube; this is touched lightly with the hot end of a glass rod, 
previously heated to fusion in the blast-flame. If the crack caused 
by this does not extend entirely around the tube, the extreme 
end of it is again touched with a hot glass rod, by which it is 
extended, so that the conical end may be lifted off. Instead of t 
glass rod, a thick iron wire, the end of which has been bent around 
the iron casing to a semicircle, may be used. If this is heated 
to redness, the file mark touched with it, and the wire turned, the 
end of the tube breaks off smoothly. To prevent the fragments 
of glass from falling into the tube (when a quantitative determini- 
tion is being made), the method of procedure is this : As before, 
a deep file mark is made, and on each side of it, at a distance 
of ^ cm., a strip of moistened filter-paper i cm. wide is wrapped 
around the tube several times. That portion of the tube betweoi 
the strips is heated by a small flame, the tube being con- 
Htantly turned, this causes the end to split off smoothly 
without splintering. If the glass does not crack at once, 
the heated portion is moistened with a few drops of 
water, and the breaking off will follow with certainty. 

Tolhard Tubes. — The tube described by Volhard 
(Fig, 46) may be used to great advantage when it is 
desired to heat large quantities of substances in a single 
tube. It consists of a wide tube to the end of which a 
narrower one is fused. A tube of this kind, 35 mm. in ) 

diameter and 45 cm. in length, contains about ^ of a 
litre, and possesses the further advantage of being easy 
to seal If on opening the tube care be taken to cut 
off as small a portion of the narrow end as possible, 
it may be used repeatedly. If, finally, the narrowed 
portion becomes too short, another piece of the same "^ 
kind of tubing is sealed on. ' 

Pressure Flasks. Autoclaves. — In order to heat substances 
under pressure at a moderate temperature which on reacting with 
each other evolve no gaseous pioducls, so that no pressure due 
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to the reaction is developed, they are sometimes enclosed in 
strong-walled flasks (pressure fiasks), wrapped up in a cloth and 

heated in a water-bath. 

Very well adapted to this purpose are the common 

soda-water or beer bottles, of the kind represented 
1 Fig. 47. In using them they are not immersed in 

water already healud, but are slowly heated with the 

water. The water-bath is closed by a loosely fitting 
-, so that in case the bottle bursts, one may not 

be burned by the hot water. The flasks are not 
e opened until after they are 
;orapletely cold. 
/ fio. 47. Large quantities of sub- 

stances which do not act on metals may 
be heated under pressure in closed ves- 
sels, generally made of iron, bronze or 
copper (autoclaves). Such vessels are 
not suited for heating acid substances, 
but may be used for neutral or alkaline 
substances. In this laboratory Mannes- 
mann tubes (without seams) are in use, 
one end being welded together, and the = 
other is supphed with a screw-thread 
and cap. The open end is cone-shaped. 1 
The tube is closed by a threaded cap, 
which in section shows a cone. The cap 
is partially filled wilh lead. After the 
substance has been put in, the cover is 
screwed on as far as possible with the 
hand, the tube is then clamped in a 
vise, and the cap made fast with a 
wrench. The conical end of the tube 
pressed into the soft lead, thus giving • 
an excellent joint. The heating may be '"' ■* ' 

conducted in an oil-bath, or directly in the bomb-liirnace. If the 
heating is to be carried beyond the point at whic^i Veai so^^ft.'os.a 
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short metallic condenser about lo cm. in length may be screwed 
on the threaded portion of the tube. A slow current of water is 
passed through the condenser. 

Another form of autoclave is represented in Fig. 48. For the 
packing a ring of lead or asbestos is used. The tube leading to 
the interior is designed for a thermometer. The lower portion 
contains oil in which the thermometer is placed. 
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In organic work the most commoQ method of testing the 
purity, of characterising and of recognising a solid compound, 
is the determination of its melting-point. The apparatus most 
generally used for this purpose is represented in Figs. 49 and 50. 
A long-necked flask is closed by a cork provided sith several 
canals cut in the sides, through which the heated air and vapours 
may escape, bearing a thermometer. 
The bulb of the flask is two-thirds 
filled with pure concentrated sul- 
phuric acid, into which is dropped 
a crystal of potassium nitrate the 
size of a pin-head, to prevent it 
from becoming dark in colour. The 
substance is placed in a small nar- 
row lube (melting-point tube), made 
in the following way : A glass tube 
4-5 mm. wide is heated at one point 
while constantly turned, in a small, 
^_ ^^ blast-lamp flame, until it becomes 

^^^^. ^S^^k ^°^^' ""^ '^ ^^^'^ drawn out from 

^B \ HMB — (t both ends to a tube i mm. wide. 
^^^^\ ^^^^ "^^^ narrow tube thus produced is 

I'lii. 49. Fin 50. ^'^^° fused oiF at its middle point; 

the portion lying next to that part 
of the glass tube which has nut been drawn out is heated as 
before and is again drawn out, and so on. There is thus pro- 
duced a tube having the form represented in Fig. J i a. In 
order to prepare the melting-point tube from this a file-mark is 
made at the points indicated, the tube broken off and fiised at 
the narrow end by holding it nearly vertical in a Bunseo flame. 
Fig. 51 i represents the melting-point tube in its natural size. 
A supply of several dozen of these is made and preserved in 3 
closed bottle. Tu transfer to the tube the su,bsta,Tvte \.\\e \&€b.- 
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ing-point of which is to be dctermiDed, a small portion of it 
pulverisedj the end of the tube dipped into it ; by gentle tappiq 
the substance is caused to fall from the upper end to the I 
tons of the tube. In order that it may not form a 
too loose layer, it is packed by a thin glass rod or 
platinura wire. The height of the layer should be 
1 mm. and in no case more than 2 mm. To attach 
the tube different methods may be used. The 
upper end of the tube may be touched with a drop 
of sulphuric acid ; this, when brought in contact 
with the thermometer, will cause it to adhere. It 
is safer to fasten the tube, just below the mouth, to 
the thermometer with a thin platinum wire or a 
rubber ring 1 mm. wide. The substance is placed 
at the middle point of the thermometer bulb. 
The thermometer is now immersed in the sul- 
phuric acid until the bulb is afabout the centre of 
the liquid ; the flask is heated with a free flame 
which is given a continuous, uniform motion as in 
distillation. The burner is inclined at a conven- 
ient angle, so that, if the flask should break, the 
hand would not be directly under it. When the 
melting temperature is reached, it is observed that 
the previously opaque, imfused substance suddenly 
becomes transparent and a meniscus is formed on 
its upper surface. If it is known at about what 
point the substance will melt, it may be heated 
rapidly to within xo° of this point, and then slowly 
with a small flame so that the behaviour of the sub- 
stance from degree to degree can be easily observed. 
If the melting-point is not known, it can be readily 
ascertained on heating it rapidly to a high tempera- 
ture. In this case the determmation is repeated, healing rapid 
until the temperature approaches the melting-point, and I 
slowly. In many cases when the temperature nears the meltit) 
poiat this is shown by a softening of the substance before n 
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ing; it loosens from the walls of the tube and collects in the 
middle. If this phenomenon occurs the heating is conducted 
very slowly from degree to degree. At times proximity to the 
melting-point may also be recognised by the fact that the par- 
ticles of the substance which adhered to the upper portion of 
the tube during the filling, meh before the mass of the sub- 
stance ; since the hotter and therefore lighter layers of the acid 
rise to the top, the upper layers of the 
bath are heated somewhat higher than 
the lower. 

Instead of the apparatus just de- 
scribed the one represented in Fig. 52 
serves very well for the same purpose. 
The liquid used may be water or sul- 
phuric acid, depending on the melting- 
point of the substance to be examined, 
or in case of a substance with a high 
^^ melting-point paraffin is placed in a 

gtm ^ beaker supported on a wire gauze. In 

|H order to keep the liquid at a uniform 

" ^ gl^fe temperature, it is stirred by an up-aod' 

down motion of the glass stirrer a. 

A substance is regarded as pure in 
most cases, if it melts sharply within 
one-half or a whole degree, and if after 
repeated crystallisation the melting-point 
does not change. In determining the 
melting-point of a newly discovered sub- 
stance, one determination is not sufficient even if it is very sharp ; 
a small portion is re crystallised and the melting-point again deter- 
mined. Many substances decompose on fusing, if this takes place 
suddenly at a definite temperature, this may also be regarded as 
a characteristic of the substance. 

Since many compounds on heating decompose explosively, and 
since in the last few years it has happened that the explosion of 
minute quantities of a compound has shattered vUe \aE^^>^m^--^\s^. 
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apparatus, and serious wounds have been caused by tbe hot 
sulphuric acid, it is safer before the melting- point of a hitherto 
unknown substance is determined in the apparatus described 
above, to take the slight trouble of making a preliminary test by 
heating a small tube containing the substance directly in a small 
flame to the melting temperature, and by this means ascertaining 
if the substance will explode. 

Testing the Thermometer. — At this point a few observations 
concerning the testing and correcting of the thermometer will be 
added. Since the ordinary thermometers, at least tbe cheaper 
varieties, are never exact, they must be corrected before using. 
If a normal thermometer is at hand, the correction to be applied 
may be determined by slowly heating the thermometer to be tested 
by the side of the normal instrument in a bath of sulphuric acid, 
glycerol, or vaseline, and noticing the reading of both thermometers 
for every 10°. There is thus obtained a table from which the cor- 
rections may be read directly. For many purposes it is sufficient 
to determine the deviation at only a few points ; the corrections 
for the degrees lying between these may be calculated by inter- 
polation. Thus, ^.g., the point to be considered as the true zero 
point may be determined as follows : A thick-walled test-tube of 
about 2^ cm. in diameter and 12 cm. in length is one-third filled 
with distilled water. The mouth is closed by a cork bearing a 
thermometer dipping into the water. Through an opening col 
out of the side of the cork is introduced a thick copper wire, the 
end of which is bent into a circle at a right angle to its length 
The test-tube is surrounded by a freezing mixture of ice and salt 
The water is frequently agitated with the stirrer ; the temperature 
at which crystals first begin to form is carefully noted, 

The true 100" point is found by placing distilled water in a not 
too small fractionating flaslt and determining the boiling-point of it, 
the entire column of mercury being in the vapour. In an analo- 
gous manner, the boiling-point of naphthalene (318° at 760 mm. 
pressure) and of benzophenone {306° at 760 mm. pressure) may 
serve for the correction of the higher degrees. Since the boiling- 
point is influenced by the preaswxc, the barometer must be read at 
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the same time with the thermometer and a correction, taken from 
the table given below, applied. 
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DRYING AND CLEANING OF VESSELS 

While in analytical operations, since one generally deals with 
aqueous solutions, the cleaned vessels may be used even if wet, it 
frequently happens in organic work, in experimenting with liquids 
not miscible with water, that dry vessels must be employed. In 
order to dry small pieces of apparatus rapidly, they should be 
rinsed first with alcoliol and then with ether. To remove the last 
portions of the easily volatile ether, air from a blast is blown 
through the vessel for a short time, or the ether vapours are 
removed by suction. The alcohol and ether used for rinsing t 
frequently be used again ; it is convenient to keep two separate 
bottles for the wash alcohol and wash ether, into which the sub- 
stances, after being used, may be poured. 

For rapid drying of large vessels this method is costly. In this 
case the procedure is as follows ; The wet vessel is first drained 
as thoroughly as possible, and then iieated nith constant turning 
in a large luminous blast-flame, while, by means oS a. ^iaaV ^ ia. 
from bellows or other source, the water vapouT \s dT\ve.tt QxA. "^"^ 
may also be removed by carefiil heating and simuWaneoxi.?. saOiao. 
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Thick-walled vessels like suction flasks must not be heated ovei 
a flame, but are dried by the first method. 

Vessels may be cleaned in part by rinsing them ont with watei 
with the use of a feather or flask-cleaner. If the last portions 
of the solution of a solid, e.g. in alcohol, are to be removed from 
a flask, it is not washed out at once with water, but first with a 
small quantity of the solvent, and then afterwards with water. 
If the vessel contained a liquid not miscible with water, it is Gist 
washed with alcohol and then with water. Resinous or tanj 
impurities adhering firmly to the walls can be removed by crude 
concentrated sulphuric acid. The action of this latter may be 
strengthened by adding a little water to it, by which heat is gener- 
ated ; also by the addition of some crystals of potassium dichro- 
nuate. At times the impurities adhere so firmly that the vessel 
naust be allowed to stand in contact with sulphuric acid for a long 
time. Crude concentrated nitric acid, or a mixture of this with 
sulphuric acid, is also used at times for cleaning purposes. Im- 
purities of an acid character can, under certain conditions, be 
removed by caustic soda or caustic potash. 

Finally, a method for cleaning the hands may be mentioned if 
they are discoloured by dyes which cannot be removed by water. 
If the dye, e.g. fuchsine, contains an araido (NH.) group, the hands 
are dipped into a dilute, weakly acid solution of sodium nitrite. 
The dye is diazotised, and may be removed by washing in water. 
The two methods following are applicable to all dyes ; the hands 
are immersed into a dilute solution of potassium permanganate 
to which some sulphuric acid has been added, and are allowed to 
remain for some time ; the dye is oxidised, and thereby destroyed. 
After the permanganate has been washed off with water, the hands, 
especially the nails, are coloured brown by manganese dioxide. 
This is removed by washing the hands with a little sulphurous add, 
or oxaUc acid (ammonium oxalate plus hydrochloric or sulphuric 
acid). The second method is this : A thick paste of bleaching 
powder and a sodium carbonate solution is rubbed on the hands. 
This causes the oxidation and destruction of the dye as above. In 
order to take away the unpleasant odour of the bleaching powder, 
the hands are scrubbed with a brush, care being taken to remove 
the p,irticles adhering to the upper and under surface of the nails, 
and are then washed, as just described, with sulphurous acid, or 
I oxalic acid. 



ORGANIC ANAL\T[CAL METHODS 



ORGANIC ANALYTICAL METHODS 



Tests for Carbon and HTdrogen. — If on heating a substance on 
platinum foil, it burns with a flame (exceptions, e.g. S), or de- 
composes with charring, it is an organic substance. Carbon and 
hydrogen may be detected in one operation, by mixing a small 
portion of the di-.ed substance with several times its volume of 
ignited fine cupric oxide, placing the mixture in a small test-tube, 
adding more cupric oxide to the lop of the mixture, and heating 
strongly, the tube being closed by a cork bearing a delivery tube 
bent twice at right angles. If the gas evolved (carbon dioxide) 
will cause a clear solution of barium hydroxide to become turbid, 
the original substance contained carbon ; if it also contained hy- 
drogen, small drops of water will collect in the upper cold part of 
the mbe. 

Teat for Nitrogen. — To test an organic substance for nitrogen, 
it is heated in a small test-tube of difficultly fusible glass, about 
5 mm. wide and 6 cm. long, with a piece of bright potassium the 
size of a lenril, which has been pressed between layers of tilter- 
paper, in a Bunsen flame until decomposition, generally accom- 
panied by slight detonations and dark colouration, takes place. 
The tube ia finally heated to redness ; while still hot it is dipped 
into a small beaker containing lo c.c. of water ; by this the tube 
is shattered, and any potassium unacted upon becomes ignited. 
The aqueous solution containing potassium cyanide, if nitrogen 
was present in the substance, is filtered from the carbon and glass 
fragments, the filtrate treated with a few drops of caustic potash 
or caustic soda until it shows an alkaline reaction ; to this solution 
is then added a small quantity of ferrous sulphate solution and 
ferric chloride solution ; it ia boiled 1-2 minutes, and if potassium 
cyanide was present, potassium ferrocyanide will be formed. After 
cooling, the alkaline liquid is acidified with hydrochloric acid, the 
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precipitated ferric and ferrous hydroxides will be dissolved, aa^\ 
being acted upon by the potassium feirocyanide, will form 
blue. Accordingly, if nitrogen was present, a blue precipitate is 
obtained, otherwise only a yellow solution will be formed. If the 
substance contains only a small proportion of nitrogen, at limes no 
precipitate is obtained at first, but only a. bluish-green solution. 
If this is allowed to stand some time, under certain conditions, 
ever night, the precipitate will separate out. In testing eaaly 
volatile substances for nitrogen, a longer tube is used and the poi- 
tions of substance condensing in the upper cold part of the lube 
flow back a number of times on the potassium. In place of potas- 
sium, sodium may also be used in most cases, but the former acts 
more certainly. In testing for nitrogen, in a substance containing 
sulphur, a larger quantity of potassium or sodium than that gjven 
above is used (for o.oa grm. of substance, about 0.2 grm. potassium, 
in order to prevent the formation of an alkah sulphocyan.ile). 
Substances viJliich evolve nitrogen at moderate temperatures, ef- 
diazo- com pounds, cannot be tested in the manner described. In 
dealing with a substance of this kind it must be determined whether 
on heating the substance with cupric oxide in a tube filled with car- 
bon dioxide, a gas is given off which is not absorbed by a solutioo 
of caustic potash. (See quantitative determination of nitrogen.) 
In a limited number of substances containing nitrogen, the pres- 
ence of the latter may be proved by heating the substance with an 
excess of pulverised soda-hme in a test-lube with a Bunsen flaroe; 
this causes decomposition with evolution of ammonia, which is 
detected by its odour or by means of a black colour imparted to a 
piece of filter-paper moistened with a solution of mercurous nitiatt- 
Nitro-compounds, e.g., do not-give this reaction- 
Test for Sulphur. — The qualitative test for sulphur is made in 
the same manner as that for nitrogen. The substance is healed 
in a small tube with sodium. After the mass has cooled it is 
treated with water, and to one-half of the solution ts added 
small quantity (a few drops) of a solution of sodium nitro] 
siate, just prepared by shaking a few crystals with water 
ordinary temperature. A violet colouration indicates the 
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of sulphur. Since the nitroprussiate reaction is very delicate, no 
conclusion as to the amount of sulphur can be drawn from the 
test, therefore the second half of the solution is treated with a 
lead acetate solurion and acidified with acetic acid. In propor- 
tion to the amount of lead sulphide formed, the liquid will assume 
a dark colour, or a more or less heavy precipitate will appear, in 
this way indicating the original quantity of sulphur- 
Easily volatile substances cannot usually be tested by this 
method. They are heated with fiiraing nitric acid in a bomb- 
tube to about 300 or 300°. After diluting with water the solution 
is tested with barium chloride for sulphuric acid. (See method for 
the quantitative determination of sulphur.) 

Test for the Halogens. — The presence of chlorine, bromine, 
and iodine in organic compounds can only in rare cases be shown 
by precipitation with silver nitrate. This is explained by the fact 
that most organic compounds are non- electrolytes; i.e. that the 
solutions of the same do not contain free halogen ions, as is the 
case in solutions of the inorganic salts of the halogen hydracids. 

In order to detect the halogens, the substance to be tested is 
heated in a not too narrow test-tube with a Bunsen flame with an 
excess of chemically pure lime, the tube while still hot is dipped 
into a little water, chemically pure nitric acid is added to acid 
reaction, the solution is then filtered and treated with silver nitrate. . 

In compounds containing no nitrogen, a test for the halogens 
may be made by the same method given for nitrogen — hearing 
with sodium. In this case the solution, filtered from the decom- 
position products and fragments of glass, is acidified with nitric 
acid and silver nitrate added. Substances containing nitrogen 
cannot be tested in this way for the halogens, since, as shown 
above, these on fusion with sodiutn give sodium cyanide, which, 
like the sodium halides, reacts with silver nitrate. 

The presence of halogens may be recognised very quickly and 
conveniently by Beilstein's test A piece of cupric oxide the size 
of a lentil, or a small rod of the oxide \ cm. long, is wrapped 
around with a thin platinum wire, the other end of which is fused 
to a. glass handle, and heated in the Bunsen flame until \t. becQ-sfte's. 
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colourless. If, after cooling, a minute particle of the substance coa 
taining a halogen is placed on this and then heated in the outer pat 
of the flame, the carbon hums first and a luminous flame is noticed 
This soon vanishes, and tliere appears a green or bluish-green colon 
due to the vaporisation of the copper halide. From the length o( 
time the colour is visible, conclusions may be drawn concerning the 
presence of a trace or more of the halogen in the original substance. 



The method consists in heating a weighed amount of the sub- 
stance to be analysed in a sealed glass tube with silver nitrate and 
faming nitric acid, by which it is completely decomposed (oxidised), 
and weighing the quantity of the silver halide thus formed. 

Requisites for the analysis : 

r. A tube of difficultly fusible glass sealed at one end, lenglh 
about 50 cm. ; outside diameter, 18-20 mm, ; thickness of 
walls, about 2 mm. (Sealing- tubes, bomb-tubes.) 

2. A funnel-lube about 40 era. long, for transferring the siivo 

nitrate and nitric acid to the glass tube. 

3. A weighing-tube of hard glass (length, 7 cm. ; otitside diameter, 

about 6-8 mm.). 

4. Solid silver nitrate and pure fuming nitric acid. The purity of 

the latter is tested by diluting 2 c.c. of it with 50 c.c. ofdislilleii 
water, and adding a few drops of a silver nitrate solution 
Neither an opalescence nor a precipitate should appear. 



Filling and Sealing the Tube. — After the bomb-tube, ' 
tube, and funnel-tube have been cleaned with distilled water, tl 
are dried, not with alcohol and ether, but by heating over a 
(See page 75, Drying.) The exact weight of the weighing-tu 
is next determined. Into this, with the help of a spatula, is plw 
0.15 to 0.2 gramme of the substance to be analysed, finely powderi 
The open end of the tube is wiped off with a cloth, and the a 
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weight of the tube plus the substance b found. With the aid of 
the funnel-tube, about 0.5 gramme of finely powdered silver nitrate 
is transferred to the bomb-tube (a correspondingly larger amount 
up to I gramme is used for substances containing a high percent- 
age of halogen) and 2 c.c. of fuming nitric acid. If a number of 
halogen determinations are to be made, it is advisable to measure 
oif 2 c.c. of water in a narrow test-tube, mark the volume with a 
file on the outside, and then use this to measure the acid for the 
different determinations. After removing the funnel-tube, care 
being taken not to touch the walls of the bomb-tube with it, the 
weighing-tube is inserted in the bomb held at a slight angle, and 
is allowed to slide down to the bottom, but the substance must 
not come in contact with the acid. The lube is now sealed in 
the manner described on page 63. During the sealing, the sub- 
stance must be prevented from coming in contact with the acid. 
Even after the tube is closed, this is not brought about purposely, 
as by violently shaking the tube. 

If the substance to be analysed is liquid, it is placed in tht, 
weighing-tube with a capillary pipette, otherwise the procedure is 
just as described. In dealing with easily volatile sub- ^^ 
stances, the weighing-tube is closed by a glass stopper, T^ 
made by heating a piece of glass rod in the blast-flame 
until it softens, and then pressing it on a metal surface 
until a head is formed (Fig, 53). 

Heating the Tube. — After cooling, the tube is trans- 
ferred to the iron protecting case, and heated in the bomb- 
furnace, in accordance with the directions on page 65. "" ^' 
The temperature and time of heating depend upon the greater or 
less ease with which the compound is decomposed. In many 
cases, it is necessary to heat aliphatic compounds, or aromatic 
compounds that oxidise easily, 2-4 hours at a temperature of 
150-200", while substances that do not easily oxidise, especially 
those that contain sulphur, must be heated 8-10 hours, and 
finally up to 250-300°. In this case it is convenient to so 
plan the analysis that the bombs may be sealed in the even- 
, so that the heating may be begun the fiiat, tihm^ \ke -ciii*.^ 
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day. The sealed tube is kept under the hood in the bomb-room, 
in the iron case, over night, which is clamped with its open end 
directed vertically upwards. The tube is never allowed to remain 
at the working table. If the furnace is not loaded, naturally it 
is most convenient to place the bomb at once in that. Since in 
many cases the oxidation begins even at the ordinary temperature, 
pressure is developed in the tube; therefore, after it has been 
standing over night, it must not be removed from the iron case 
to be examined. The heating is done gradually; at first, with 
a small flame, the gas-tubes being lowered from the furnace. 
Gradually these are raised, and the flames increased in size. The 
following table will show how the heating of a moderately refractory 
substance should be regulated. 

The heating is begun at 9 o'clock a.m. 

From 9-10 the temperature is raised to about 100°, 
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If an especially high pressure is generated by the decomposition 
of a substance, the danger of the bursting of the tube may be 
lessened by turning off" the gas before leaving the laboratory at 
noon, and then in the afternoon opening the capillary, sealing and 
heating again to a higher temperature. The same method is 
followed in working with a substance so refractory that several 
days' heating is required ; in this case at the beginning of the 
second day the pressure is reduced by opening the tube. 

If two bombs are heated in the furnace at the same time, an 
entry is made in the note-book to show which tube lies to the 
right and which to the left. If this has been neglected, and the 
identity of the two tubes is in doubt, the neglect may be corrected 
by again weighing the two weighing tubes. 

To Open and Empty the Tube. — The perfectly cooled tube is 

opened according to the directions given on page 66. Especial 

care must he taken before Viealm^ vVve. c^.^\Uary to softening in a 
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large flame, to drive back into the tube by gentle heating over a 
small flame, any of the liquid which may have collected in the 
capillary. Before the conical end is broken off the tube is exam- 
ined to see whether it still contains crystals or oily drops of the 
tmdecomposed substance. In case it does, the capillary is again 
sealed and the tube reheated ; but if it does not, the conical end 
is removed according to the directions given on page 66. The 
part broken off is first washed free from any liquid or any of the 
precipitate which may have adhered to it, with distilled water, into 
a beaker ; the portion in the lube is diluted with distilled water, 
upon which there is generally obtained a bluish-green solution, 
coloured by nitrous acid ; this is poured, together with the weigh- 
ing-tube into a beaker by inverting the tube, care being taken that 
the sudden falling of the weighing-lube does not break the bottom 
of the beaker. In pouring out the tube- con tents, the attention 
should be directed to the open end of the tube and not to the 
liquid in the rear end, otherwise some of the liquid may easily be 
spilled. After the outer open portion of the tube has been washed 
with distilled water the tube is revolved and the precipitate in the 
interior is washed out ; this is repeated as often as may be neces- 
sary. If a portion of the silver halide adheres firmly to the glass, 
it may be removed by loosening it with a long glass rod over the 
end of which has been drawn a piece of rubber tubing (such as is 
used in the quantitative analysis of inorganic substances) and then 
washing it out with distilled water. The weighing-tube is removed 
from the bottom of the beaker with a glass rod or thick platinum 
wire held against the walls above the liquid, washed thoroughly 
inside and out with distilled water, and then raised with the fingers 
and washed several times again. At times the weighing-tube be- 
comes yellow to deep brown in colour due to the formation of 
silver silicate. This is not detrimental to the results of the analysis. 

To filter off and weigh the Silver Halide. — The beaker is now 
heated on a wire gauze until the silver halide has settled to the 
bottom and the supernatant liquid is clear. Since the excess of 
silver nitrate at times packs together with the silver halide to form 

ick, solid lumps, the nredpitat^^frot^^ji^^^^^^^^^^^ 
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ivith a glass rod, the end of which has been flattened out to a biaad 
head. After cooling, the silver hahde is collected on a filter, the 
weight of the ash of which is known, and washed with hot walei 
until, on testing the filtrate with hydrochloric acid, no turbidilj] 
follows ; the filter, together with the funnel, is then dried in 
air-bath at loo-iio", the funnel being covered with a piece 
filter-paper. In order to weigh the dry halide, as large 
as possible is separated from the paper carefully, and transfe 
to a watch-glass placed on a piece of black glazed paper, 
portions which fall on the paper are swept into the watch- 
with a small feather. The filter is rolled up lightly, wrapped 
a platinum wire, and ignited in the usual way over a weighed 
celain crucible ; the heating is done only with the outer part ot 
the flame, and not with the inner, reducing part. The folded filter 
may also be incinerated directly in the crucible, which is fits! 
heated over a small flame, and the temperature increased later; 
the heating is continued until the filter ash appears unirorml]' 
light. In order to convert the silver which has been reduced hi 
the incineration back to the silver halide, the fused residue is 
moistened, by the aid of a glass rod, with a few drops of niuic 
acid, — if the Litter method nf incineration has been eraployei 
only after complete cooling of the crucible. It is now evapi 
to dryness on the water-bath. It is then treated with a few 

I of the corresponding halogen acid, and again evaporated to dif 
ness on the water-bath. The principal mass of the silver halide 
on the watch-glass is transferred to the crucible with the aid of J 
feather, and heated directly over a small flame until it just begins 
to fuse : the crucible is then placed in a desiccator, and allowed lo 
cool. If the analysis is intended to be very exact, the principil 
mass of the silver halide may be moistened before fusion, with 
few drops of nitric acid, and then evaporated on the water- 
with the halogen acid. 
The silver halide can also be conveniently weighed, either in 
asbestos tube, or in a Gooch crucible. Concerning this cora] 
Jannasch, " Praktischer Lei tfaden d er Gewichtsanalyse, " Second '. 
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pages 10 and 145 ; also Chemical News, 37, i8i ; and Zeitsckrifl 
fUr anaiytische Chemie, 19, 333, 

Even after taking the usual precautions, it sometimes happens 
that the silver haUde is mixed with fragnieots of glass, which will, 
of course, cause the percentage of halogen to be too high. If the 
substance under examination is silver chloride, and the presence 
of glass is noticed in the beaker or on filtering, an error may be 
avoided, by pouring over the completely washed, moist silver 
chloride on the filter, slightly warmed dilute ammonium hydroxide 
several times, then washing the filter with water, and precipitating 
the pure silver chloride in the filtrate by acidifying with hydro- 
chloric acid. If the compound under examination is silver bromide 
or iodide, and glass fragments have been noticed, the analysis is 
carried out to the end m the usual way. To determine the amount 
of glass present, the silver halide in the crucible is treated with very 
dilute pure sulphuric acid, and a small piece of chemically pure 
zinc is added. In the course of several hours, the silver hahde is 
reduced to spongy, metallic silver. By careful decantation, the 
liquid is separated from the silver, water is added and decanted ; 
this is repeated several times. It is then treated with dilute nitric 
acid, and heated on the water-bath until all the silver is dissolved. 
After dilution with water, it is filtered through a quantitative filter, 
the undissolved glass fragments are also well washed on the filter, 
and the latter incinerated. The weight of the glass is to be sub- 
tracted from the weight of the halide obtained. It is obvious that 
the purity of the fused silver chloride may also be tested in this way. 

In conclusion, the atomic weights of the halogens, the molecular 
weights of the corresponding sQver compounds, and the logarithms 
of the analytical constants are here given : 
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Kiister's Modification. — The determination of the halogens 
may be materially facilitated by using 16-20 drops of fuming nitric 
acid instead of 1^2 c.c. The tube so charged is heated directly 
up to 320-340°, — it is unnecessary to heat it gradually. When 
an ordinary thermometer is employed to register temperatures 
above 300°, the column of mercury frequently parts. A bomb- 
thermometer made by C. Desaga, Heidelberg, Germany, at the 
suggestion of the author, corrects this defect. It contains nitro- 
gen over the mercury column, and possesses but two degree marks, 
corresponding to 320° and 340°. 



QUANTITATIVE DETERMINATION OF SULPHUR 

CARIUS' METHOD 

This method, like the preceding one, depends upon the com- 
plete oxidation of the weighed substance, by heating it with 
fuming nitric acid in a sealed tube. The sulphuric acid thus 
formed is weighed as barium sulphate. The charging, sealing, 
heating, opening, and emptying of the tube are performed in 
exactly the same way as in the halogen determinations ; but in 
this case it is evident that the use of silver nitrate is superfluous. 
Before breaking off the conical end, the tube is examined to see 
that no undecomposed portions of the substance are present; if 
there should be, the capillary is again sealed and the tube ^^ 
heated. Before the sulphuric acid is precipitated with barium 
chloride, the bottom of the beaker must be examined for any I 
fragments of glass which may be present ; if there are any, they 
are filtered off through a small filter. 

Precipitation of the Barium Sulphate. — The liquid from the 
bomb, diluted with water up to 400 c.c, is heated almost to boiling 
on a wire gauze and acidified with hydrochloric acid ; a solution 
of barium chloride heated to boiling in a test-tube is gradually 
added until a precipitate is no longer formed. This can be easily 
observed by allowing the precipitate to settle somewhat before 
adding more of the solution. The \\c\v\\d \% iKen heated over a 
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small flame until the barium sulphate settles at the bottom of the 
beaker and the supematani liquid is perfectly clear : at times 
from one to two hours' heating may be necessary. After cooling, 
the liquid is filtered, without disturbing the precipitate at the 
bottom, through a small filter the weight of the ash of which is 
known ; the precipitate remaining in the beaker is boiled several 
minutes with 100 c.c. water and filtered through the same filter. 
The precipitate occasionally at first goes through the paper ; in 
case it does, another beaker is placed under the funnel so that the 
entire quantity of liquid need not be refiltered. The precipitate 
is washed with hot water until a portion of the filtrate tested with 
dilute suiphuric acid shows no turbidity. Before throwing away 
the filtrate, barium chloride is added in order to be sure that a 
sufficient quantity was used in the first instance. If a precipitate 
is formed, the above process is repeated and the second precipitate 
collected on the filter containing the first. 

The method just described has the disadvantage that if a 
smaller quantity of water be used for diluting the contents of the 
tube than that given above, the barium sulphate may easily carry 
along with it some barium nitrate, which is only removed with diffi- 
culty on washing with water. Since, in consequence of this, the 
percentage of sulphur is too high, it is for many reasons preferable 
to wash the contents of the bomb into a porcelain dish instead of 
a beaker, and to evaporate the liquid on the water-bath until the 
acid vapours vanish, before adding the barium chloride; by this 
Operation the nitric acid is removed. After evaporating, the res- 
idue is diluted with water, filtered if necessary, from any glass 
fragments, and the operation just described above repeated. 
Under these conditions, too much of an excess of barium chloride 
is to be avoided. 

Ignition and Weighing of the Barium Sulphate. — In order to 
prepare the barium sulphate for weighing, it is not necessary to 
dry it before incineration ; if Bunsen's method is followed, it may 
be incinerated while still moist. With the aid of a small spatula 
or knife the moist filter is removed from the funnel and folded in 
the form of a quadrant. Should any barium soV^^vAe a^sL^ft \! 
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the funnel, it is removed with a small piece of filter-paper, which 
is incinerated with the main mass. After the filter has b«a 
carefully folded toward the centre, it is pressed into ihe bottom 
of a weighed platinum crucible, placed on a platinum triangle in 
such a position that its axis is inclined 20-30° from a vertical 
position. The cover, also inclined at an angle of 20-30°, in the 
opposite direction, however, is supported before the crucible, so 
that the upper half of the opening of the latter is uncoverei 
The burner under the crucible is placed in such a position thai 
the flame, which must not be too large at first, is directly under 
the angle .formed by the crucible and cover. This will allow the 
ignition of the filter to take place at so low a temperature thai 
reduction of the barium sulphate need not be feared. It soi 
times happens that on heating the filter, the gases formed 
fire at the mouth of the crucible, which, however, does no hann. 
After some time the burner is placed under the bottom of the 
crucible, the flame increased, and the heating continued until the 
residue has become white. The crucible is now placed in an up- 
right position, heated a short time with the full flame, and then 
allowed to cool in a desiccator. It is entirely superfluous to treat 
the barium sulphate with sulphuric acid and then evaporate it off. 
The barium sulphate may also be weighed in a Gooch crucible. 
(See page 84.) If the percentage of sulphur found is too high, this 
may have been caused, under certain conditions, by the fact that 
in the precipitation too great an escess of barium chloride has 
been used, and that the barium sulphate has carried along some of 
it. This source of error may be rectified by treadng the ignited 
barium sulphate with water until the crucible is half full, then add- 
ing a few drops of concentrated hydrochloric acid, and heating on 
the water-bath for fifteen minutes. The liquid is filtered from the 
precipitate through a quantitative filter ; the greatest portion of 
the precipitate remaining in the crucible is again treated with 
water and hydrochloric acid, and the contents of the cnicible 
poured on the filter already used ; after washing repeatedly 
water, the filter and precipitate are again ignited as before. This 
process is obviously only employed when the barium sulphate has 
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not been evaporated down with sulphuric acid. For the calcula- 
tion of the analysis the atomic and the molecular weights are 
given : 

5 = 32.07; BaSO, = 233.44; '°SgjgQ = 0.13792- 1 

Simultaneous Determination of the Halogens and Sulphur. — 
If a substance contains both a halogen and sulphur, they may be 
determined in a single operation by the following method : As in 
the determination of the halogens, the bomb is charged with silver 
nitrate and nitric acid, and the silver halide filtered off after the 
heating, as above described. The filtrate thus obtained contains, 
besides the excess of silver nitrate, the sulphuric acid formed 
by oxidation. This latter cannot be precipitated as before with 
barium chloride, since the silver as silver chloride would also be 
thrown down. In its place is used a solution of barium nitrate, 
the purity of which has been tested by adding silver nitrate to it. 
The precipitation is made hot as above directed, the solution used 
being as dilute as possible — the volume of which must be at 
least 500 c.c. A large excess of barium nitrate is particularly to 
be avoided. If the barium nitrate solution contains halogen salts 
as impurities, it is heated, and silver nitrate added so long as a 
precipitate is formed, the precipitate filtered off, and the solution. 
which is now free from halogens, is used for the precipitation. 
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QUANTITATIVE DETERMINATION OF NITROGEN 

DUMAS' METHOD 

In scientific laboratories, the method almost exclusively used 
for determining nitrogen quantitatively is that of Dumas. The 
principle involved is that the substance is completely burned by 
cupric oxide in a tube filled with carbon dioxide, the nitrogen is 
evolved as such, and its volume measured, while the carbon and 
hydrogen are completely oxidised to carbon dioxide and water. 

Requisites for the analysis : 

1. A combustion tube of difficultly fusible glass, 80-85 c°^« ^^^J 

outside diameter, about 15 mm. 

2. A glass funnel- tube with wide stem (at least 10 mm. in 

diameter) . 

3. 400 grammes of coarse and 100 grammes of fine cupric oxide. 

The former is kept in a large flask, the latter in a small 
one, both of which are closed by a cork covered with tin- 
foil. 

4. 500 grammes of magnesite, in pieces the size of a pea. The 

fine powder, which cannot be used, is sifted out in a wire 
sieve. The dark grains which have become discoloured 
by impurities are thrown out. 

5. A small flask of pure methyl alcohol (50 grammes) for reduc- 

ing the copper spiral. 

6. A copper spiral, 10-12 cm. long. This is made by winding 

an oblong piece of copper wire gauze spirally around a 
thin glass rod. It is made of such a width that when in 
position it will touch the walls of the combustion tube; 
a space between the walls and spiral is disadvantageous 
Also a short copper spiral from 1-2 cm. long. 

7. A solution of 150 grammes of potassium hydroxide in 150 

grammes of water. It is prepared in a porcelain dish, 
and not in a glass beaker or flask, since these are fit- 
quently broken by the heat generated by the solutioa 
After cooling, it is preserved in a well-closed bottle. 
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8. A nickel crucible 6 cm. high ; diameter of top 7 cm., for the 

ignition of the coarse cupric oxide, 

9, A moderately large porcelain crucible for tlie ignition of the 

fine cupric oxide. 
10. A small mortar with a glazed bottom. 

Besides these, a weighing-tube, a one-hole rubber stopper for 
closing one end of the combustion tube, a sieve to sift the copper 
oxifie, a small feather, thermometer, absorption apparatus, and a 
eniiiometer. 

Preparations for the Analysis, — The analysis is conveniently 
begun by heating the entire quantity of coarse copper oxide in 
the nickel crucible over a large flame {Fletcher burner), and 
the fine copper oxide in the porcelain crucible over a Bunsen 
flame for a long tirae, the crucibles being supported on wire tri- 
angles. The covers are placed on the crucibles loosely, and 
the copper oxide occasionally stirred with a thick wire. While 
the copper is being heated, one end of the combustion tube is 
sealed to a solid head, the narrower end being selected for this 
purpose, if the tube is not perfectly cylindrical. The sealing is 
done as follows ; The end of the tube is first warmed in a luminous 
flame, with constant turning ; it is then heated to softening, in the 
blast-flame, a glass rod fused on it, and the heated portion suddenly 
drawn out to a narrow tube. The glass rod is now fused off, and 
the conical part of the tube just produced is heated and drawn 
out. The cone is then heated in the hottest flame until it falls 
together ; it is finally allowed to cool gradually over a small 
luminous flame. When this operation is finished, the open end 
of the tube is wanned in a luminous flame, and, with constant 
turning, the sharp edges are rounded by the blast-flame : it is then 
allowed to cool in the luminous flame again. After complete 
cooling, the soot is removed, the tube rinsed out several times 
with water, the water allowed to drain off as completely as possible, 
and the tube finally dried in one of the two following ways : The 
tube, with constant turning, is repeatedly passed through the large 
lumiiiotis flame of a blast-lamp, whUe a current ol an a^^OT^ 
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from a blast into the bottom of it by means of 
(10 cm.) tube inserted in the larger tube ; this operation is con- 
tinued until all moisture is removed. Or the combustion tube is 
damped in a horizontal position, a narrower tube extending lo 
the sealed end, attached to suction, is inserted, and the combustion 
tube equally heated with a Bunsen burner llirougbout its entiie 
length; the water vapour is drawn off by the suction. To reduce il« 
long copper spiral whicli is to be used for the reduction of 
of nitrogen which may be formed, the method of procedure is 
follows : Into a test-tube large enough to admit the spiral, t 
methyl alcohol is placed ; the spiral, held by crucible tongs, is tl 
heated to glowing in a large, somewhat roaring blast-flame, and 
dropped as quickly as possible into the test-tube ; since this he- 
comes strongly heated at its upper end, it is clamped in a test-tube 
holder, or wrapped in a cloth or strips of paper. The dark spiral 
soon assumes a bright metallic lustre, while vapours, having a sharp, 
pungent odour (oxidation products of methyl alcohol like fonnic 
aldehyde and formic acid), which frequently become ignited, are 
formed ; after a few minutes, the tube may be loosely corked, and 
the spiral allowed to cool. When this operation is ended, the cop- 
per oxide will have been sufficiently heated, and the flames maybe 
removed. During the cooling, the substance to be analysed is 
weighed. A convenient method is this : The weight of the weigli- 
ing-flask is determined with exactness to centigrammes, this weighi 
is entered in the note-book at a convenient place for future use. 
The substance lo be analysed is now placed in the weighing-tube, 
and the weight of the tube, plus substance, is determined exacli; 
to the tenth of a milligramme. In the meantime, the copper 
oxide has cooled sufficiently to be transferred lo the appropriate 
flask. The combustion tube is next filled. 

Filling the Tube. — At the edge of the working table is placeri 
a stand ; fastened firmly near the bottom of this is a clamp pro- 
jecting over the edge of the table supporting the combustion tube 
in a vertical position, the mouth being at about the level of the 
table. The tube is now directly filled with the raagnesite until 
the layer has a height of lo-iz cm. (.^ig. S4)- A small rollot 
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copper gauze 1-2 cm. k»ng, held with pincers or tongs, is heated 
for a short lime in a Bunseii flame (it need not be reduced) and 
dropped on the magnesite. The funnel-tube is then placed in 
the tube, and from the flask coarse copper oxide is poured in until 
the layer measures 8 cm., and upon this is poured a layer of a cm. 
of the fine oxide. To the operation following — the mixing of the 
substance with copper oxide 
I [ s cm. free and the transference of the 

7TH mixture to the tube — especial 

H ro™. reduced copptr spiral care must be given. In the 
H bottom of a small mortar, 

@ standing on black, glazed pa- 

per a J cm. layer of the fine, 
perfectly cooled copper oxide 
is placed ; to this is added from 
.Maraonae ^^^ weighing-tube the sub- 

stance to be analysed, of which 
0,15-0.20 gramme is taken, 
unless the substance contains 
a small proportion of nitrogen, 
when more is taken. Since 

- sultstuicc + line oxide , . ■ r , « 

the weight of the empty tube 
. fine oiide is known as well as that of 

the substance contained there- 
in, one can easily decide, by 
capper spiral measuring with the eye, how 

much of the substance to 
, magnHitt take. Fine copper oxide is 

now added until the substance 
. is completely covered, and the 

two are carefully mixed by 
stirring with the pestle, without pressure ; during the mixing care 
must be taken not to stir so rapidly as to cause dust-like particles 
of the mixture to leave the mortar. With the aid of a clean, 
clipped feather, such as is used in quantitative operations, or a 
Bmall brush, the contents of the tnortar axe liai\^tertei 'fegqa?^ 
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^^H the fiinnel-tobe into the coititnasCion tube. The operation must bi 
^^H done cautiously to prevent the light, dusty particles from beiif 
^^H blown a,way. The mortar, as well as the pestle, is now msed 
^^M with a fresh portion of the fine copper oxide, and this is likewist 
^^m transferred to the tvibe with the aid of the feather. The layetof 
^^H substance plus copper oxide should be about 
^^H follows a layer of 30 cm. of coarse copper oxide, and finally 
^^m reduced copper spiral. 

^^m The length of the tube, as well as that of the single layers, 

^^H regulated in accordance with the size of the combustion fuinacej 

^^m the figures given above refer to a furnace possessing a flame surfa 

^^H of 75 cm. Generally the tubes are 5 cm. longer than the furnace;' 

^^M the tube contents are of the same length as the flame surface. 

^H Heating the Tube. — After the tube is filled it is held in a hoii- 

^^H zontaJ position and tapped gently on the table in order than 

^^m canal may be formed in the upper portion of the fine copper 

^^H oxide ; it is then connected with a rubber stopper to the abaoip- 

^B^ tion apparatus which has been charged with caustic potash solmioD, 

and placed in the combustion furnace, the rear end of which (thai 

under the magnesite) has been raised on a block (Fig, 55). The 

following points are to be observed : In the lower part of ihe 

• absorption apparatus there must be a sufficient amount of mercury 
to extend almost to the side-tube ; if this is not the case, more met- 
cury is added : the end of the glass tube passing through the 
lubber stopper must be flush with the end of the stopper. In 
order to protect the latter from the heat, there is placed over the 
portion of the tube projecting beyond the furnace, an asbestos 
plate having a circular opening in the centre. After opening the] 
pinch-cock of the absorption apparatus, the burners under the W] 
half of the magnesite are lighted ; the flames, being small at first 1 

I are increased in size, as soon as the tube becomes warmed, but not 
sufficiently to cause them to meet above the tube. In order V> 
raise the temperature higher when it becomes necessary, the tubf 
is covered fi'om both sides with the tiles. After about ten minutes 
a rapid current of carbon dioxide is evolved, the magnesite being 
decomposed by heat as represented in the foUoiving equation: 
MgCOs = Ugp-VC.Ot 
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During this operation the glass stop-cock of the absorpti* 
ratus is opened, and the pear-shaped vessel placed as lo^ 
sible, so that it contains the principal portion of the causti 
After a rapid current of carbon dioxide has been evolved 
fifteen minutes, the burners under the copper spiral ar 
in order to drive out any occluded gas (hydrogen), t 
shaped vessel is raised high enough to cause the caust 
to ascend somewhat above the tubulure in the glass < 
latter is closed, and the pear-shaped vessel again lower 
as possible. When the air in the tube has been c( 
replaced by carbon dioxide, only a minimum quantit] 
foam should collect over the potash in the course of two 
If this is not the case, and a large air volume collects, 
cock is opened, upon which the potash flows in to the 
pear vessel, and carbon dioxide is caused to pass thr 
tube for five minutes longer. The pear vessel is then 
high as at first, the glass cock closed, and the former low( 
observation will show whether the air has been displac 
should be the case under normal conditions. If now 
minutes only a trace of foam has collected, the end of th 
tube is dipped under the water in a dish as shown in Fi 
pear raised to the highest point of the delivery tube, and 
cock opened in order that the potash may drive out the 
delivery tube : when this has been done, the cock is clo 
and the pear lowered to the bottom. All the flames 
under the magnesite are now extinguished or lowered, j 
under the long copper spiral as well as those under fou 
the adjacent layer of coarse copper oxide are lighted at 
time ; the flames, small at first, are increased in size, afte 
has become somewhat heated, until the copper oxide 
to dull redness. Concerning the steps taken in heating 
refer to Fig. 54 — the numbers on the left indicate the p 
the tube to be heated successively. At this point car 
that the flames are not so large as to meet above the 
before in heating the magnesite, after the first warming t 
portions of the tube are covered on both sides with the 
soon as the forward layer of coarse copper oxide becc 
red, the burners under the leai \a^^t oi course oxide a 
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t»c magnesite are lighted — small flames at first, which are increased 
t^^er a time, the lube being covered simultaneously with the tiles, 
— are must be taken that the flames nearest the layer of substance 
»lus fine copper oxide are not too large, in order that the substance 
te»ay not yet be burned. Upon the operation which now follows — 
*ie gradual heating of the fine oxide containing the substance — 
*^Sjtually depends the success of the analysis. For the proper 
ifcaanipulation of this operation especial care must be taken. It is 
*- rule that the heating had better be somewhat too slow than too 
^^^pid. A small flame is now lighted at the point adjacent to the 
tliort layer of coarse oxide : an observation of the absorption appa- 
rs.tus vrill show whether after some time any unabsorbed gas collects, 
ttf this is the case, no other burners are lighted until the evolution 
I^f gas ceases. When the gas no longer collects, another burner 
C*ii the opposite side of the fine oxide is lighted. In this way the 
tsumers are gradually lighted from both sides, toward the middle 
C>f the fine oxide, and after, in each case, the cessation of the 
Evolution of the gas, the flames are gradually made larger until 
&ially the tube covered with tiles is heated with full flames ; thus 
the substance is regularly and quietly burned. The combustion 
imust be so conducted that the bubbles of gas ascend in the absorp- 
tion apparatus with a slow regularity. If the single bubbles cannot 
"be counted, or if they are so large as to occupy almost the entire 
cross-section of the absorption tube, the heating is loo strong, and 
the last burners lighted must be extinguished or lowered, the tiles 
being also laid back at the same time if necessary, until the gener- 
ation of the gas is lessened. When this is ended, small flames are 
again lighted under the entire layer of magnesite, and increased in 
size after some time. As soon as the evolution of carbon dioxide 
has become active, the flames under the rear half of the magnesite 
lighted at the beginning of the analysis are extinguished. After a 
rapid current of carbon dioxide has passed through the tube for 
ten minutes, all the nitrogen is carried over to the absorption 
apparatus. This is shown by the complete absorption of the gas 
bubbles by the potash, as at the beginning of the analysis, except 
^^^ minimum foam-like residue. The absotptioa a.p^Kta.'ra?. "is 
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then closed by the pinch-cock and the rubber stopper bearing tbl 
connecting tube is withdrawn from the combustion tube. The ga 
is not immediately transferred to the eudiometer, but tlie pear 
raised until the surfaces of the liquid in the pear and that in the 
tube are at the same level : the apparatus is then allowed to stanJ 
for at least half an hour. The flames under the combustion tub: 
are not turned out simultaneously, but first one is extinguishei 
and then after a short time another, and so on. During the cool- 
ing of the tube the weighing- flask is weighed again. 

Transferring the Nitrogen. — After the nitrogen has stood it 
contact for at least half an hour with the causdc potash, in orda 
that the last portions of carbon 
dioxide may be absorbed, the 
end of the deUvery tube is dipped 
under the surface of the water 
contained in a wide-mouth cylin- 
der, as represented in Fig. 56, 
care being taken that in the 
lower bent portion of the de- 
livery tube no air bubbles are 
present ; if there are, they must 
be removed with a capillary 
pipette. The eudiometer is now 
filled with water, the end closed 
with the thumb, inverted and 
dipped below the surface of the 
water, the thumb removed and 

the tube clamped to the cylinder, at an oblique angle, so that iht 
end of the delivery tube may be passed under it. The pea I 
supported by the clamped ring is raised as high as possible above 
the delivery tube, and the glass cock gradually opened. Tk 
nitrogen is thus transferred to the eudiometer, the cock being 
left open until the delivery tube is completely filled with the 
caustic potash. The absorption apparatus is then removed, the 

idiometer wholly immersed in the water. To obtain the 
perature, a thermometer, he\d m V\ve cXa-to^ ■w'aicK sugoc 




Fig. 56. 
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felivery tube, is immersed in the water as far as possible. After 
^bout ten minutes, the nitrogen has come to the same tempera- 
ture as the water, the eudiometer is then seized with a clamp 
i especially adapted to this purpose, or crucible tongs, — never with 
i. the hands, — and is raised so far out of the water that the level 
e €3f water inside and outside the lube is the same. The volume of 
t gas thus read off, is under the same pressure as that indicated by 
EL barometer. 

Calculations of the Analysis. — If s is the amount of substance 
in grammes, 11 the volume of nitrogen read at the temperature /°, 
^^d * the height of the barometer in millimetres, w the tension 
of the water vapour in millimetres at /", then the percentage of 
»iitrogen is/: 

„.(i^^.). 0.12505 
760 -(1 + 0,00367 ■/)-s' 

"The calculation of the analysis is rendered easier by referring to 
the table in which the weight of one cubic centimetre of moist 
^trogen is given in milligrammes at different temperatures and 
pressures. If this, under the observed conditions, is g, then the 
jjercentage of nitrogen is : 

^ looxi'X^ 



In this formula, s is the weight of the substance in milligrammes. 

A table is given at the end of the book for these calculations. 
The values for the height of the barometer not found in the table 
may be obtained by interpolation. For ordinary work it is 
unnecessary to read off fractions of degrees on a thermometer, 
or of millimetres on a barometer, since the slight differences in 
values found in this manner lie within the limits of experimental 
error. 

The upper figure in each space in the table is the weight of 
moist nitrogen in milligrammes, and the lower figure is the mantissa 
of the logarithm of the weight of nitrogen. 

Length of Time for an Analysis. — The following abstract will 
give an approximate idea of the length oC time iWv V\vc svtv^\a 
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operations of a well-conducted combustion ought to occapj. 
From the beginning of the heating of the magnesite to the «^ 
pearance of a rapid current of carbon dioxide requires abort 
lo minutes, the first test as to whether air is still present in the 
tube follows after a further 15 minutes ; length of time for varioos 
tests, 5 minutes. From the warming of the forward layer of the 
copper oxide with the spiral to the heating of the rear layer of 
oxide to a dark red heat, 15 minutes. The actual combustkm 
of the substance requires 30 minutes. The displacement of the 
last portions of nitrogen by heating the magnesite requires 10 
minutes. Total, i hour and 25 minutes. 

These time figures are, of course, only to be considered as 
approximate, since they depend upon the efficiency of the fur- 
nace, upon the nature of the substance burned, upon the skiH 
of the experimenter, and upon other factors. 

Subsequent Operations. ;— After the tube has cooled and the 
copper spiral taken out, all the copper oxide is sifted to separate 
the coarse from the fine, and may be used again for further 
analyses as often as desired, provided that it is reheated ead 
time in the nickel crucible to oxidise it. The tube may also be 
used again if it has not been distorted by high heating. The 
magnesite is useless for further analyses. 

The caustic potash in the absorption apparatus, which can be 
used a second time, is poured into a bottle, which is then well 
closed. The absorption apparatus, including the rubber tubing, is 
washed out repeatedly with water, so that the latter may not be 
corroded by the caustic potash. 

General Remarks. — The above-described method of Dumas 
for nitrogen is used in variously modified forms, but the principle 
is the same in all. It is preferred in many places to generate the 
carbon dioxide from acid sodium carbonate or manganese car- 
bonate. A combustion tube open at both ends may be used, if a 
number of nitrogen determinations are to be made. The tube 
is charged as represented in Fig. 60 (page 107). The substance 
is placed in a porcelain or copper boat. In order to replace the 
a/r by carbon dioxide, the leai etid o^ \.Vv^ tabe is connected with 
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another tube of difficultly fusible glass (closed at one end), 25-30 
cm. long and 15-zo mm. wide, which is three -fourths filled (in 
eniass section) with sodium bicarbonate. In order to absorb the 
■water generated from this on heating, a small sulphuric acid wash 
Tjottle is interposed between the two tubes. The layer of bicar- 
lionate is heated with a single Bunsen burner, beginning at the 
fiised end- In order to protect the bicarbonate tube from the 
<iixect flame, it is surrounded by a cylinder of coarse iron gauze 
(Fig. 57), The bicarbonate may be replaced by a Kipp generator. 
Further, the mixing of the substance with the fine copper oxide 
may be done in the tube. Instead of the absorption apparatus 




Fio. 57. 



of Schiff, described above, a graduated tube from which the vol- 
ume of the gas may be read directly may be used, thus obviating 
the necessity of transferring it to a eudiometer. This modifica- 
tion carries with it, however, the disadvantage that the tension of 
caustic potash is not exactly known, and therefore a somewhat 
arbitrary correction must be applied. But as mentioned these 
modifications do not differ essentially. 



k. The essential part of the method consists in completely burning 
1 copper oxide a weighed amount of the substance, and then 
weighing the combustion products, carbon dioxide and water. 
The requisites for analysis are : 
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1. A hard glass tube open at both ends; outside diameter 12- 

15 mm. It should be about 10 cm. longer than the furnace 

2. Four hundred grammes of coarse and 50 grammes of fine 

copper oxide, preserved in bottles closed with tin-foil- 
covered corks as in the nitrogen determination. But the 
copper oxide used for the latter purpose and that for the 
carbon and hydrogen determinations are always kept in 
separate bottles. 

3. A U-shaped and a straight calcium chloride tube. 

4. A caustic potash apparatus. The Geissler form is the most 

convenient. 

5. A drying apparatus for air or oxygen. 

6. Two one-hole rubber stoppers fitting the ends of the com- 

bustion tube. 

7. A glass tube provided with a cock. 

8. Two copper spirals of 10 and 12-15 cm. length, respectively; 

two short spirals 1-2 cm. long. 

9. A piece of good rubber tubing 20 cm. long ; six pieces rubber 

tubing 2 cm. long (thick-walled and seamless). 

10. A porcelain and a copper boat. 

11. A screw pinch-cock. 

12. Two asbestos plates for the protection of the rubber stoppers. 

Preparations for the Analysis. — The sharp edges of the com- 
bustion tube are rounded by careful heating in a blast-flame. After 
cooling the tube is rinsed out with water several times; this is 
allowed to drain off, and the tube dried by one of the methods 
given on pages 91 and 92. 

The coarse copper oxide is not previously heated in the nickel 
crucible as in the determination of nitrogen, but this is done later 
in the tube itself. If the nature of the substance to be analysed 
is such that it is necessary to mix it with fine copper oxide, the 
latter is ignited for a quarter hour in the porcelain crucible and 
allowed to cool in a desiccator. 

The U-tube for the absorption of the water (Fig. 61) is filled 
tvi'th granulated, not fused, ca\e\um e\\\ox\^^,^\\\cli must be fireed 
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from any powder by sifting. In order to prevent the calcium 
chloride from falling out, both ends of the tube are provided with 
loose plugs of cotton. The open leg is closed by a rubber stopper 
or a good cork bearing a glass tube bent at a right angle. The 
cork stopper is covered with a thin layer of sealing-wax. Calcium 
chloride tubes, in which the open leg is longer than the other, are 
very convenient. After the lube is filled the open end may be 
sealed in a blast-flame. In this case the plug in this end is not 
cotton, but asbestos or glass-wool. In order that the tube may 
be suspended from the arm of the balance in weighing, a platinum 
wire with a loop in ihe centre is attached to both legs. Calcium 
ch!oride often contains basic chlorides, which not only absorb 
water, but also carbon dioxide, thus causing an error in the results 
of the analysis; before the filled tube is used a stream of dry 
carbon dioxide is passed through it for about two hours, dried air 
is then drawn through for half an hour 10 displace the carbon 
dioxide. The two side tubes of the calcium chloride tube are 
closed by pieces of rubber tubing 2 cm. long, in which is inserted 
a glass rod rounded at boih ends, i^ cm. long. The tube may 
be used repeatedly until the calcium chloride begins to liquefy. 
The straight calcium chloride lube is filled in Uke manner, but it 
is unnecessary to pass carbon dioxide through this before using. 

The three bulbs of the potash apparatus similar to the one 
represented in Fig. 58 are three-fourlhs filled with a solution of 
caustic potash {2 parts potassium hydroxide, 3 parts water) as 
follows: the horizontal lube which is to be charged wiih solid 
caustic potash is removed, and (o the free end of the bulb tube 
rubber tubing is attached. The inlet lu^e represented in Fig. 58 
at the left is now dipped into the caustic potash solulion, con- 
tained in a shallow dish, and ihis is sucked up with the rubber tub- 
ing until the three bulbs are three-fourths filled. Care must be 
taken not to suck too strongly, otherwise some of the caustic potash 
solulion may be drawn into the mouth. This may be prevented by 
inserting an empty wash boule between the potash apparatus and 
the mouth, or ihe suction-pump may be used, in which case the 
water-cock must be opened to a very ^\^\. exteW.. Nfej« ^Kto-^ 



^B IQ4 

^V the 

^^P is 



» 



GENERAL PART 



the bulbs that part of the tube immersed in the potash solution 
is cleaned with pieces of rolled-up filter-paper. The horizonlal 
potash tube, removed before filling the bulbs, is now filled with 
coarse-grained soda-lime and solid caustic potash in pea-sijc 
pieces as follows ; In the bulb is placed a plug of glass-wool oj 
asbestos, then follows a layer of the soda-lime, a layer of caustic 
potash, and finally another plug of glass-wool or asbestos. When 
this is done, it is closed in the same way as the calcium 
chloride tube. In handling the Geissler tubes it is always to be 
remembered that they are very fragile, and in all cases the Ic 




ive^^l 






arm formed in Ufting them should be as short as possible. When 
the apparatus is to be closed by rubber tubing, e.g., it is not 
grasped by the bulbs, but immediately behind the place over 
which the tubing is to be drawn or pushed. When the potash 
apparatus has been used twice, it must be refilled. The longer of 
the two so-called copper oxide spirals need not be reduced before 
the combustion ; on the contrary, it is oxidised in the combuslion 
tube, as will be pointed out below. In order to be able to remove 
it from the tube conveniently a loop of copper wire is fastened in 
the meshes of the gauze near the end, or a not too thin copper 
wire is passed through the centre of the spiral and bent at one 
end to a right angle and at the other in the form of a loop. The 
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shorter spiral, which, as in the nitrogen determination, serves to 
reduce any oxides of nitrogen, is next reduced according to the 
directions given on page 92. To remove any adhering organic 
substances like methyl alcohol or its oxidation products the spiral 
is placed, after cooling, in a glass tube 20 cm. long, one end of 
which is narrowed ; carbon dioxide is passed through it, and as 
soon as the air has been displaced, it is heated for a few minutes 
with a Bunsen flame and then allowed to cool in a current of car- 
bon dioxide. To remove the mechanically adhering gas the spiral 
is placed in a vacuum desiccator. If this is not at hand, an ordi- 
nary desiccator containing a small dish of solid caustic potash or 
unslaked lime is used. (It may also be healed in an air-bath at 

For drying the oxygen or air an apparatus consisting of two wash 
cylinders and two U-shaped glass tubes mounted on a wooden 
stand is employed. The gas passes first 
through a wash cylinder containing a 
solution of potassium hydroxide {i :i), 
then a tube filled with soda-lime, then 
one filled with granulated calcium chlo- 
ride, and finally a wash cylinder contain- 
ing sulphuric acid (Fig. 59). 

The legs of the glass tube containing 
the stop-cock are fused off and slightly 
narrowed at the ends, so that on either 
side of the cock the length is 5 cm. 

Filling the Tube.— The simplest case 
of combustion with which one can deal 
is that involving the analysis of a sub- 
stance containing no nitrogen. In a 

case of this kind, assuming that the furnace has a flame surface 
of 75 era., the tube is filled in the following manner : A short 
copper gauze roll, 1-2 cm. long, of sufficient diameter to fit the 
tube tightly, and somewhat elastic, is pushed into the tube 5 cm., 
and then the opposite side of the tube Is partially filled with a 
layer of coarse copper oxide 45 cm. held \n po5\UO"Q\>'j ans*^«i 
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smalt elastic copper spiral at its upper end. Into the tube lyiog 

horizontal position the copper oxide spiral is pushed s- 
that its loop is 5 cm. from the mouth of the tube (Fig. 60). 

Igniting the Copper Oxide. — The charged tube is placed in the 
furnace, the end nearest the copper oxide spiral is closed by a 
rubber stopper bearing the glass stop-cock tube, and the latter is 
connecied with the drying apparatus by means of rubber tubing 
provided with a screw pinch-cock. The other end of the tube 
is allowed to remain open at first; while a current of oxygen i 
passed through the tube, slow enough to enable one to count tht 
bubbles (the glass stop-cock is opened wide and the current regu- 
lated with the pinch-cock), the entire length of the tube is heated, 
at first with flames as small as possible ; these are gradually in- 
creased until finally, the tiles being in position, the copper oxide 
begins to appear dark red. The waler deposited at the beginning 
of the heating, in the forward cool end of the tube, is now removed 
with filter paper wrapped around a glass rod. When no more 
water collects, the front end of the lube is closed by a rubber 
stopper bearing the straight calcium chloride tube. After about 
20 or 30 minutes' healing the burners under the copper oxide 
spiral, the adjacent empty space, and those under about 5 c 
the copper oxide layer lying next, are extinguished, and s 
same time the current of oxygen is cut off 

Weighing the Absorption Apparatus and the Substance. — While 
the rear part of the tube is cooling, the calcium chloride tube, tiie 
potash bulbs, and the substance are weighed. Before the absoip- 
tion apparatus is weighed, it is wiped off with a clean cloth, free 
from hnt, and the rubber tubing and glass rods removed ; after ibe 
weighing, these are replaced. The substance, if solid, i 
in a porcelain boat which has previously been heated strongly, and 
cooled in a desiccator. The boat is first weighed empty, 0.15 to 
o.ao gramme of the substance placed in it and weighed again : it 

then placed on a tin- foil-covered cork, in which a suitable groove 

13 been cut, and transferred to a desiccator. 

The Combustion, — When the rear end of the lube is cold, the 
copper oxide spiral is wit\\drawn "«\\.\\ a. Uooted glass rod 
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the porcelain boat is inserted as far as the coarse copper oxide, 
care being taken not to upset the boat, and finally the spiral is 
replaced. The stop-cock tube, with the cork closed, is then put 
in position. The straight calcium chloride tube is replaced by 
the weighed U-tube, with its empty bulb, which will condense the 
greater portion of the water, nearest the furnace. To the U-tube 
is connected, by a rubber joint, the potash apparatus, and the 
soda-lime tube of the latter with the straight calcium chloride 
tube in the same way (Fig. 6i). The connecting of the different 
parts of the apparatus may be facilitated by blowing air from the 
lungs through each rubber joint before pushing it on the glass 
tubes. Especial care is taken to have a good joint between 
the U -calcium chloride tube and the potash bulbs, since at this 
point very commonly Ues the source of error in analyses not con- 
cordant. A thick-walled seamless rubber tubing is employed; 
it is drawn over the two ends of the glass tubes until they touch. 
In order to provide against any possible leak, two ligatures of thin 
copper wire or " wax ends " are bound around the joints. A test 
as to whether the apparatus is perfectly tight is not always con- 
vincing when the combustion is conducted in an open tube ; since, 
on the one hand, the heating is not constant, and on the other, 
in consequence of the friction of the solution in the narrow tubes, 
a leak, at times, may not be detected. The rubber stoppers 
closing the tube may be protected from the heat by placing on 
the tube, close to the furnace, an asbestos plate with a circular 
hole in the centre. After closing the screw pinch-cock, the glass- 
cock is opened, and a slow current of oxygen (two bubbles per 
second) is admitted to the tube by carefully opening the pinch- 
cock. Small flames are now lighted under the copper oxide 
spiral, which are increased after some time, until, finally, the spiral 
is brought to a dark red glow. When this is done, the fiaipes 
under the unheated copper oxide are gradually lighted, care being 
taken not to allow any flame near the porcelain boat to be too 
large. Now follows the most difficult operation of the analysis, 
upon which the success of it virtually depends, viz. the gradual 
heating of the substance. This is conducted in exactly the same 
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into the absorpiicKn appararas, a sorDerbit mow rapid ourrrnt of 
oxygen is passed thiongh the tube, until a gk>wing splinter hcKi 
before the opening oithe siraigi2t cajcium chloride tiilx^ is ijniu<\i. 
During this operation, the water, condensed tor the nivv>t |vai1 u\ 
the front end of the tnhe, is also driven over into the OAloimu 
chloride tube, as ahove described. WTien this has been dv>ne» tl^o 
rubber stopper is withdrawn from the front end of the combust ivM\ 
tube, care being taken to prevent the water in the calcium chK>iidc 
tube from nmning out. To remove the oxygen in the al>si>rptiou 
apparatus, a slow current of air which need not be drioi! is drawu 
through it for 1-2 minutes, with the mouth or suctio!\. T\\v 
apparatus is taken apart, closed up as alxjve doscrihed, allowed 
to stand in the weighing-room for half an hour, and is then 
weighed. From the difference in the weights of the absorption 
apparatus before and after the combustion, the percentage of 
carbon and hydrogen is foi'^'^ ^''•om the following equations • 
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Percentage of Carbon = .„^^I' P^* ^ ^^ , 
^* Wt Substance x ii 

log— =0.43573-1 

Percentage of Hydrogen = Wt H,0 X 201.6 

^ ^ * Wt. Substance X 18.016 

XT 

log j^ = 0.04884 - I 

Modifications of the Method. — In many cases instead of usii 
oxygen for the ignition of the copper oxide, the same result m 
be obtained by using a current of air. The combustion may a] 
be conducted in a current of air ; but when the substance is dil 
cult to bum, it is still necessary toward the end of the operation 
pass oxygen through the tube for some time. As soon as a glo 
ing splinter held at the end of the straight calcium chloride tu 
is ignited, the combustion is ended. The combustion may also 
conducted without passing a current of air or oxygen into the tu 
at the beginning, in which case the glass stop-cock is clos< 
Under these conditions, as soon as the substance has be 
heated for some time with the full flames, toward the end of t 
operation the glass stop-cock is opened and a current of 
or oxygen passed through the tube. Substances which bum w 
great difficulty can also be mixed with fine copper oxide it 
copper boat (see below), and then burned in the same way 
oxygen. 

Combustion of Substances containing Nitrogen. — Since in I 
combustion of nitrogenous compounds, the reduced copper spi 
serving for the reduction of the oxides of nitrogen must be us 
the combustion tube is charged somewhat differently in this ca 
The first copper roll is inserted in the tube, not 5 cm., but 15 ci 
the space in front of it being reserved for the reduced spii 
Consequently the layer of coarse copper oxide is but 35 cm., a 
not 45 cm., in length. No change is made in the disposition 
the copper oxide spiral. The ignition of the copper oxide 
conducted exactly as above, except that a current of air is us 
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f, however, the ignition should be conducted throughout with 
■xygen, at the end of the operation this is displaced by air. The 
urther operations are the same as those described above, except 
hat the reduced copper spiral is put in position last — just before 
:onnecting the combustion tube with the absorption apjiaratus. 
in order to prevent the oxidation of the copper, the combustion 
proper is performed with the glass-cock closed, and oxygen is 
lot admitted to the tube until at the end. As soon as the oxy- 
gen is admitted, the flames under the reduced copper spiral are 
ixtinguished. The gas is passed through until it can be detected 
It the end of the apparatus as above described. In the 
:ombustion of substances which leave a charred, difficultly 
:ombustible, nitrogenous residue, it is necessary to burn them 
>y mixing with fine copper oxide. Since the porcelain boats 
ire generally too small to contain a sufficient quantity of this, 
I boat made of sheet copper, 8 cm. long and of a width suffi- 
;ient to enable it to be just passed into the tube, is used. It 
s filled as follows: After it has lieen previously ignited, it is 
>laced upon a sheet of black glazed paper, and half filled with 
ine copper oxide also previously ignited and afterwards cooled 
a a desiccator. Upon this is carefully spread the weighed sub- 
itance from a weighing-tube as in the nitrogen determination, 
hen a layer of fine copper oxide is added until the boat is 
hree-fourths full : the substances are now well mixed by care- 
iil stirring with a thick platinum wire. If some of the mixture 
hoiild fall upon the glazed paper, it is returned to the boat with 
he aid of a feather or brush. The combustion is made with the 
[lass-cock closed. Oxygen is not admitted until at the end of 
he operation. 

Combustion of Substances containing Sulphur or a Halogen. — 
julphur compounds cannot be burned with copper oxide in 
he manner described, since at a red heat the copper sulphate 
ormed gives off sulphurous acid, which is absorbed by the 
>otash apparatus along with the carbon dioxide, giving a result 
n which the percentage of carbon is too high. In this case 
he oxidation is accomplished with graiinlabed \ead c\v^<:>^s>a.\s- 




I 



L 



GENERAL PART 

The filling of the tube, open at both ends, is done just as described 
above : copper oxide spiral, empty space for boat, long layer of 
lead chromate. The ignition in oxygen, etc^ is also the 
But two points are here to be observed: (i) the lead 

not heated as strongly as the copper oxide, othenw 
it fuses in the glass; and (z) the most forward portioorf 
the lead chromate layer, nearest the calcium chloride ' 
(that above about three burners), is heated very slightly, s 
lead sulphate is not completely stable at a red heat. The 
stance is mixed in the copper boat with powdered, ignited 
chromate. 

Halogen compounds can be burned in the usual way with o:^ 
per oxide ; but since the copper halides are partially volatile 
give up the halogen on being heated to redness, a silver spirf 
must be inserted in the tube to retain the halogen. The tube is 
filled in the same way as for the combustion of a nitrogen coth- 
pound, only in place of the reduced copper spiral, one of silff 
is used. But it is better to perform the combustion with ltd 
chromate, in which case it will not be necessary to use a aheij 
spiral. Since the lead halides are also somewhat volatile 
heat, so, as above, the front part of the lube containing the lead 
chromate is heated but slightly. 

Combustion of Liquids. — If the compound to be analysed is 
liquid, it can be weighed directly in the porcelain boat, provided 

iit is very difficultly volatile. Moderately volatile substances 
are weighed in a small glass tube which is loosely 
with a glass stopper (see Fig. 53, page 81). In order M 
introduce this into the tube, it is placed in the porcelain 
boat in such a position that the mouth of the tube is 
directed upwards. A preliminary trial will show whetlier 
the boat containing the empty tube will pass into the com- 
bustion tube. Very easily volatile substances are weighed 
small bulb-tubes which are sealed after weighing (Fif;. 
62). The filling is done as follows : The empty tube is 
heated gently, and the open end dipped under the liquid to br 
lalysed. On cooling, tVic \\i\uvd -wv^ be drawn up into the 
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fa sufficient qnantity is not obtained the first time, the operation 
repeated; before it is sealed caie must be taken that the 
capiUary contains none of the Uquid ; if it does, it must be 
' removed by heating. It is now sealed, and the tube plus sub- 
stance weighed. Care must again be taken to prevent any of the 
liquid from finding its way into the capillary, due to sudden 
moveraents or other causes. To prepare the tube for the com- 
bustion, the extreme end is filed and broken off, during which 
operation the tube is not held by the bulb. It is placed in the 
boat with its open end elevated and directed toward the front 
end of the furnace. The precaution to ascertain beforehand 
whether the boat loaded with the tube will pass into the com- 
bustion tube, should always be taken. If necessary, the capillary 
I is shortened. 
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ELEMENTARY AHALYSIS 
DERNSTEDT'S HETHOD 



Dennstedt's method consists in burning the substance with free 
oxygen ^ exclusively, in the presence of platinum as contact sub- 
stance (catalyser). 

In addition to the frame of a combustion furnace, and an oxy- 
gen gasometer, — Dennstedt recommends the use of two flasks 
provided with tuhulures at the bottom and having a capacity of 5 
litres, — the requisites for analysis are : 

I. A hard glass tube open at both ends ; lei^h 86 cm. ; diame- 
ter i8-BO mm. ; also an inner lube and a small wash bottle. 

a. A drying tower for the oxygen. 

3- A U-shaped cilcium chloride tube with two ground stop^ 
cocks and a ground-in stopper (next to the bulb). 

4. A soda-lime tower with two ground stoppers. 

5. A U-shaped soda-lime- calcium chloride tube with two 
ground stop-cocks {" Testing-tube "). 

1 Not cledfol/lically prepared. 
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■ 6. A wash bottle for palladious chloride (" Palladium bottle "1. 
7- A straight calcium chloride tube. 

8. A strip of star-shaped platinum, and a roll of thin pktinura 
foil. 

9. A rod of hard glass for the inner tube, with a loop and plati- 
num thread or platinum wire. 

10. A porcelain boat (for the substance) divided into thrtf 
parts, length 8 cm. ; also several ordinary porcelain boats (Absorp- 
tion boats). 

11. Rubber stoppers and seamless rubber tubing, to be usd 
for the analysis only. 

12. Chemicals: calcium chloride, soda-lime, palladious chlo- 
ride, lead peroxide, minium, sodium carbonate, molecular silver, 

1. The Combustion Furnace consists of two stands supporting 
three loose iron troughs. The middle one is covered with thin 
asbestos paper, and serves as a support for the combustion tube, 
while the other two troughs support the covers, the inner surfaces 
of which are lined with asbestos. Of these five are needed ; a 
large cover 25 era. in length, and four smaller covers each ont 
having a length of 12 cm. Of the latter, one is provided with a 




sliding window of mica (10 cm. ; 2 cm,), through which the eat»- 
lyser may be observed. The sheet of mica is renewed when it 
becomes opaque. The iron covers are provided with projections 
on the tipper edges, and may be moved back and forth with cnicible 
tongs. They should not touch the combustion tube. The com- 
bustion tube is heated witbt\\iee,Q'c^Tefe'!a.W'j (our, burners. The 
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Bfwo burners shown at the left of Fig. 62 a are used to vaporise 
f !the substance. They are Bunsen orTeclue burners to which wing 
burners may be attaclied. One burner is sometimes used for the 
purpose. Then follows a stronger Bunsen or Teclue burner, pro- 
vided with a wing burner and a regulation device. This is placed 
under the contact star and supplies the combustion flame. The 
tear of the tube (the part preceding the absorption apparatus) is 
heated with a movable flame tube consisting of zo non-luminous 
flames. During the combustion a temperature of 300-320° is 
necessary in this pari of the tube. The height of the flames that 
wiU produce this temperature is determined in a preUminary ex- 
periment by inserting a thermometer in the combustion tube. 

2. Drying Tower for the Oxygen. — Pure concentrated sulphuric 
acid is poured into the lower part of the tower (Fig 62 a, left) to a 
height of 2 cm., so that the end of the conducting tube, which is 
3 mm, wide, dips into this to a depth of ^i cm. Ligatures 
(string or wire) are bound around the joints. A small fiinnel, 
with its tube bent sidewise, is introduced into the lower narrow 
part of the tower. The funnel is covered with a little glass-wool 
or cotton, and the lower half of the cylindrical tower (about 10 
cm.) is filled with coarse, sifted soda-Ume ; the upper half is filled 
with calcium chloride. Then follows a layer of glass-wool or cot- 
ton. Concerning the quality of the soda-lime and the calcium 
chloride, see below (Filling of absorption apparatus). 

3. The Small Wash Bottle. — A plug of cotton is placed at the 
bottom of the wide tube attached to the small wash bottle (Fig. 
62 b) ; it is then filled with calcium chloride and covered with a 

I layer of cotton (see 4 a). The lower narrow part of the small 
' wash bottle is filled with concentrated sulphuric acid. A capillary 
tube is used for this purpose. The bottle is held in an inverted 
position ; the tip of the capillary is now inserted as far jnto the 
U-shaped curve as possible, and by proper manipulation the acid 
is allowed to flow through the inner bulb into the lower narrow 
I end. The limb nearest the calcium chloride tube is dried with 
blotting-paper. The small wash bottle must be consLnicted so 
f'that there is a space of at least i mm. between the \tvia,CT \Kito otA 



f'that there 
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^^M the outer tube. The connecting parts of the apparatus may be 
^^m made tight by moistening the two holes of the stopper, as well as 
^^H its lower surface, with a saturated solution of calcium chloride 
^^M In order to regulate the stream of oxygen as perfectly as possiWej 
^^r by the aid of the three stop-cocks of the small wash bottle, tht 
I perforations of the cocks are filed on both sides with a sharp tri- 

angular file, as seen in Fig. 6z c. The calcium chloride is renewed 
from time to time, and the stoppers are kept closed when <i« 
apparatus is not in 

4. Absorption Apparatus. — {a) Calcium Chloride Tube, ft 
contains two ground stop-cocks, a small ground glass stopper, 




and the bulb in which a greater part of the water condenses, 
previously sifted calcium chloride is poured into a wide test-lube, | 
clamped in a slanting position, and carefully heated with a 
flame until no more water deposits in the cooler part of the lube. I 
The heating must be done cautiously, and only for a short liiof- ] 
In filling the U-tube care must be taken that no dust particles ol 
calcium chloride settle in the si4e-ta\«;s-, \.o prevent this the adfrj 



ORGANIC ANALYTICAL METHODS I17 

tubes are plumed with cotton during the filling. The cotton is 
removed with forceps after filling the tube. A short roll of paper 
may also serve the same purpose, protecting not only the side-tubes 
but also the ground part of the U-tube. A roll of cotton is finally 
introduced into the calcium chloride tube. The ground parts of 
the tube are then cleaned and slightly oiled. Before the newly 
filled tube is used, dry carbon dioxide is passed through it (see 
page 103). The carbon dioxide is then displaced by oxygen. 

(d) Soda-iime Tower. Commercial soda-lime is often too dry 
and does not therefore readily absorb carbon dioxide. Before 
filling the absorption apparatus a few grammes are carefully heated 
in a test-tube over a free flame. Much water should condense in 
the cooler parts of the lube. If this is not the case, the entire 
quantity is moistened with the necessary amount of water (spray). 
The soda-hme must be freed from small particles by sifting, and 
care must be taken that no small particles settle in the side-tubes. 
The precautions outlined for calcium chloride are followed here. 
As soda-lime expands by the absorption of carbon dioxide, in order 
to avoid the danger of breaking the apparatus care is taken not to 
use too much. The perforations of the glass stoppers are then 
filled with dry cotton ; the ground surfaces are very carefully 
cleaned, and slightly greased. When it is desired to refill a tower 
that has been used, the stoppers are removed, the apparatus is 
freed from grease, and dipped for several hours in water that has 
been slightly acidified with hydrochloric acid. During the com- 
bustion the tower is always kept in the same position ; in order to 
prevent mistakes the side-tubes are marked (arrow, or coloured 
glass- button). 

(i") Soda-lime- calcium Chloride Tube ("Testi'ng-Tuie"). One 
limb of this tube is filled with soda-hme and the other with calcium 
chloride. The precautions mentioned in (a) and (i) are observed. 
The testing-tube is inserted in such a manner thai the soda-lime 
limb is next to the soda-lime tower. 

(d) The Weighing of the AbsorpHon Apparatus. The three 
absorption tubes are always filled with oxygen before weighing. 
When used for the first lime, dry oxygen is conduc\e&. '13&.Q "tofc 
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apparatos imtfl xll Ibe air has been drivcD oat (Test 
flanui^ of a Rowing spfintcr.) One of the two stop-cocks in 
■ppantBS is opeoed for * tnoraeDt before weighing, in oTdai 
equalise the difleiences in pressore. In weighing after a com! 
tico, the tempciatDTc sfaould be as nearl)' the same as it 
coinbtedon. In most cases it is sufficient to carry out the 
weighing when the apparatus has remained in the balance 
for oae or two bouis. It is safer to check the weighing od 
foUowing morning. In winter-time the temperature of the ba 
room should be kept unifonn over night. Should a long 
elapse between two analyses, the apparatus is again filled 
oxygoi. 

(f) Tht PaihJioui ChloHdt Wash Bonk (" Paliadium BetOt") 
b half filled with a clear dilute water solution of palladious chloriil: 
of a straw-yellow colour. The solution is filtered when it beconw 
cloudy. The separation of palladium (by the action of carbon 
monoxide) indicates an incomplete combustion. In addition w 
this the solution is also of service in shonii^ the rate of flow i^ 
the gas stream. 

5. The Combnsttoo Tube and Accessories. — AH combustiou 
are carried out by the use of a duplex supply of osygen. For this 
purpose a T-lube is inserted in the stopper in the rear end of tht 
combustion tube. The vertical limb of the T-tube is provided with 
a stop-cock, and is connected with the calcium chloride tube of 
the small wash bottle as shown in Fig. 62 B. Through the bori' 
zontal part of the T-tube passes the capillary of the inner tube; 
these two are coonected with a short rubber tubing (ligature). 
The wider part of the inner tube fills the space inside the com- 
bustion tube almost completely, and serves as a receiver for tfif 
boat containing the substance taken for analysis. In order » 
prevent the fiision of the inner tube into the combustion tube, 1 
coil of fairly thick platinum wire is placed around the wide, opeo 
end of the former. Furthermore, in order to prevent the fonn»- 
tion of an explosive mixture by the combustible vapours and the 
oxygen, a rod of hard glass is introduced into the inner tube. 
The rod is of a size that neai\^ 6fe v\ie wa^tJi si;ace in the ii 
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tube. It is provided with a loop in the fore-part; to this is 
attached a roll of platinum wire which reaches the open end of 
the inner tube. Or, instead of the platinum roll, a thin platinum 
wire is wound around the rod. This arrangement will also prevent 
the rod from fusing. The glass rod is unnecessary in raost in- 
stances. Its place is taken by a roll of thin platinum foil. This is 
placed at the opening of the inner lube in such a way that one 
half rests in the inner tube, the other half in the combustion tube ; 
then follows the contact star. Vapours of high boiling substances 
will sometimes condense and run into the inner tube. In order 
to protect the tube, it is coveted to within i cm. of the opening 
and over one-third of the inner surface with a strip of thin asbestos 
paper. This must be heated with the combustion tube in a stream 
of oxygen during the drying of the apparatus. (In the simulta- 
neous estimation of sulphur the asbestos is not used.) Before the 
analysis, the previously washed and dried combustion tube, the 
inner tube (including the glass rod), the platinum coil, and the 
platinum star are heated for a while in a moderate stream of 
oxygen at 250-300°. During the heating the burners are evenly 
distributed, and the covers are placed in position. The opening 
at the forward end is finally closed with a straight calcium chloride 
tube, and the combustion tube is allowed to cool in a stream of 
oxygen. As the bulky Dennstedt tubes break more readily than 
those used in Liebig's method, special care is exercised in the 
heating as well as the cooling of the former, and in exposing them 
to sudden changes of temperature. It is also necessary, at all 
times, to prevent the covers from coming in contact with the 
hot tube. 

6. The Combustion Proper. — In combustions by I.iebig's method 
it has not been found possible to prescribe details that will cover 
all cases. This is still less possible in Dennstedt's methotJ, in 
which the number of modifications and combinations is much 
greater. A general outline of the method will be given for sub- 
3 containing carbon, hydrogen and oxygen, and Dennstedt's 
1 words will be used in part. 

While the combustion tube is being heated anA eoiAc& \a a. 
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Stream of oxjgcn, the abfiOcptionapfmams is weighed (a stop-cod 
is opened for an instant) ; the boat baving the three divisions a 
also webbed, fitst emptf, aod then with the substance, llr 
aappfy of oKjgcn ii nov cot aS, and the inner tabe (with small 
wash bottle, etc) is witfadnnni bjr retBoving the stopper at the ic» 
end of the oombustioa tobe. The long mbber connection Ik- 
twcen the diyii^ tower and the small wash bottle is not remoml. 
The boeU cootaiiuDg the substance b introdaced into the iuiei 
tube, and poshed in, as (ar as possiUe. Then follows the glist 
rod with its platinnm wire, or the platinum roll alone, as described 
above, and the apparatns b secorely attached to the combastion 
tube. The different parts of the absoqition apparatus are finally 
connected by the use of short, thick-walled, seamless rubber joinK 
The rubber should be drawn over the ends of the glass tubes until 
they touch- The limb of the U-tube containing soda-lime 
should be kept next to the soda-lime tower. The drying apparatis 
is most conveniently connected with the combustion tube in the 
following manner : A lubber stopper is first placed on the c^dum 
chloride tube (at the bulb end) ; the tube is then connected wili 
the soda-liroe tower, which is in turn attached to the testing-tube; 
and tinally, the end of the combustion tube is securely closed by 
the rubber bearing the calcium chloride tube. Then follows liM 
palladium bottle. 

Before the combustion proper, a test as to whether the apparatu 
is perfectly tight is conducted in the following manner : All the 
stop-cocks, from the stopper of the gasometer to the last stoppei 
of the U-tube (testing- tube) are closed. The stop-cock of the 
gasometer and the lower stop-cock of the drying tower are no" 
opened, so that a few gas bubbles pass through the sulphuric acid. 
If the joints are perfectly tight, the bubbling will stop as soon » 
the pressure between gasometer and drying tower is equalised. D 
the bubbling continues, then there is a leak which must be pre- 
vented. The upper stop-cock of the drying tower is now opened, 
and left open until the bubbling stops. This is continued » 
the last .stop-cock of the testing-tube. During this test, the slop- 
cock of the small wash boltle coalaining sulphuric acid is opentd 
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■' in such a way that not more than two bubbles per second escape. 
■' The combustion is commenced when the apparatus is found to be 
t perfectly tight. " For its success it is absolutely necessary to 
c thoroughly mix the vapour of the burning compound when it 
— reaches the contact substance (platinum) with as much onygen at 
e every instant as is required for its complete combustion, i.e. there 
e should always be present an excess of oxygen. In the combustion 
£ of volatile substances, in order to mis the vapour with the proper 
[- quantity of oxygen, the oxygen stream is introduced in two parts ; 
^ one part is known as the slow vaporising stream, which sweeps 
(- over the burning substance, and carries away its vapour in a 
• regular manner ; the other part is known as the combustion stream, 
. which meets the vaporising stream near the glowing platinum." 
f The former is regulated through the stop-cock of the small wash 
L bottle (Fig. 62 B, upper left hand), the latter through the stop-cock 
of the calcium chloride tube (Fig. 62 b, upper right hand). The 
lower stop-cock of the calcium chloride tube permits the passage 
of both streams. The small wash bottle shows the velocity of the 
vaporising stream, and the palladium bottle that of the combus- 
tion stream. Whenever the velocity of these streams is specified, 
, ^-ff- ^y tfi^ number of bubbles for every 10 seconds, it is under- 
, stood that the bubbles in the small wash bottle are much smaller 
than those in the palladium bottle. The outer stream is regulated 
in such a manner that in 10 seconds 10-15 bubbles pass through 
. the palladium bottle. " When the vaporisation of the substance 
becomes too rapid, the velocity of this stream may be temporarily 
^ doubled, or increased even more, without hesitation." The inner 
stream is so regulated that if the substance is easily volatile, 5-10 
bubbles pass through the small wash bottle every 10 seconds, and 
if the substance is not easily volatile 10-30 bubbles pass through 
the wash bottle every 10 seconds. The velocity of the inner stream 
should not be altered in the early part of the combustion. A small 
flame is first lighted under the contact star. This is gradually in- 
creased, until finallv the star appears to glow brightly through the 
mica window of the small cover. The flame, the small cover, and 
the end of the inner tube lie in the same vertical ^\axt.&. Twe. 



i 

1 Pl^ 



GENERAL PART 



Ibnrard empty part of the combustion tube is heated at the san 
time to about 300° with the burner tube, and a large cover i 
placed next to the small cover with the mica window. "Tli 
burner used to vaporise the substaoce is turned on almost eniirel] 
and bums with a moderately high flame. It is now placed al th 
rear and kept so far away from the boats that even very volalS 
substances are just vaporised without undergoing much changi 
When the contact substance begins to glow brightly, the 
ing flame is quickly moved forward, about i cm. every 3—4 minuU 
depending upon the volatility of the substance, until the lalt 
melts or begins to decompose. With substances that do n 
vaporise or decompose readily, the flame is brought near the 
It is then allowed to remain undisturbed. An observation « 
now show whether the contact substance is glowing, whether the 
is condensation of water at the forward end of the tube, in sho 
whether combustion proper has started. If this is the case, evei 
thing is left unchanged for 15 minutes. If combustion does n 
progress smoothly at the end of this period, the combustion 
and the cover are moved i-i mm. to the rear, 
after a short time, until it is found that, depending upon the naU 
of the substance, it begins to bum completely, i.e. it first mell^ 
and then chars, etc., even in the first division of the boat. Should 
the decomposition slow down, the combustion flame and the cover 
are slowly, millimetre by millimetre, moved backwards, until finally 
there is complete vaporisation, decomposition, or charring. 7h 
combustion flame should never be moved far enough to diminish Ike 
g/ow of the platinum at the open end of the inner tube. The cover, 
however, may be moved back and kept directly above the boat. 
The position of the burners need not be changed when the contact 
mass is seen to glow brightly, since this is only an indication thai 
the combustion is progressing briskly. But if the glowing is very 
sudden and too active, or, if flames appear at the open end of the 
inner tube, both burners are pushed backwards in order to prevent 
rapid decomposition, and the vaporising flame is again brought 
near the boat in order to secure normal conditions once raoic. 
The combustion flame is also moved back gradually to the extrem. 
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• Hmit, Should this stop the progress of the combustion, the va- 
- porising flame is moved forward, and the cover at the rear of the 
■ tube is put in position. When the contents of the boat have either 
'^ entirely disappeared, or are completely carbonised, the inner 
^ Etream of oxygen is increased, and the tube heated to redness." 
The part of the tube adjacent to the absorption apparatus is finally 
covered with a small cover. 

When the combustion is ended, the flames are first lowered and 
c then turned off entirely, and the apparatus is cooled in a stream 
t of oxygen, The palladium bottle is now removed. The lower 
stop-cock of the drying tower is first closed, and the absorption ap- 
K paratus is taken apart after turning off the stop-cocks. The small 
» stopper near the bulb of the calcium chloride tube must not be 
t forgotten. Concerning the weighing of the apparatus see direc- 
» tions given above. Under normal conditions, the soda-lime- 
caJcium chloride tube should not increase in weight more than a 
h few milligrammes. An increase in weight amounting to more 
I than 10 mg. indicates that the soda-hme tower is exhausted and 
t. needs refilling. In this case its original position should not be 
5 reversed by oversight. 

Very often in dealing with substances that are not very volatile, 
^ it is more convenient to use two vaporising flames in place of 
one. Even in this case the combustion flame under the platinum 
star is first lighted. The flame is not placed under the substance, 
but is allowed to remain under the contact star. The vaporising 
E flame at the rear is also kept, as before, as far away from the boat 
as possible ; its position is changed only towards the end of the 
combustion. In this case the substance is vaporised by the for- 
ward vaporising flame, which is kept very low at first and placed 
near the combustion flame, and is slowly brought near the boat 
with a gradual increase of the flame, the time required for this 
being the same as that given above for the combustion flame. As 
soon as the forward flame is brought under the boat, the rear 
I flame is also pushed towards the substance. 

It is to be noted once more that the rate of the combustion 

Hpends upon the number and the height ol flames, \,\« i^e. cR. 
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burnera without oi with wing burners, their distance from 
boat, the use of covers, the velocity of the oxygen strean>^ 

These are conditions that may be readily controlled. 

Should the palladious chloride become very black during 
combustioD, the analysis may be considered unsuccessful. U 
these conditions either the absorption apparatus is removet^ 
the tube is heated to glowing in the presence of a streat 
oxygen, as described above {the absorption apparatus beinf 
filled with oxygen for a new analysis), or the corabustio 
brought to completion as under normal conditions. The m 
of the absorption apparatus is, of course, worthless in this t 
A combustion is also considered unsuccessful when the substam 
or its decomposition products subUme, or distil beyond the co 
tact star. If this is the case, the absorption apparatus is ii 
mediately removed, and the tube is heated to glowing in tl 
presence of a stream of oxygen. If necessary, the absorpiii 
apparatus is freshly prepared. Finally, weak or strong explosio 
may occur inside the tube during the combustion. If theM 
not produce a sublimate, or a distillate, and cause no blackc 
of the palladious chloride solution, then the analysis, includti^ 
final weighing, is brought to a normal end. If analyses give 
sistently inaccurate results, a blank combustion is carried 
(without substance) to ascertain the defect in the apparatus. 

The Combustion of Substances containing Nitrogen or Sut| 
or both at the same time, is in principle exactly the saig 
described above, with the only modification that, in orda 
" absorb the nitric oxide, the sulphurous acid, and sulphuric ac 
mixture of minium and lead peroxide is placed in the combn 
tube and heated to 320-350° with the flame-tube. 

TAi quality of lead peroxide. Lead peroxide especiaUy 
prepared for the Dennstedt analysis is placed on the maib 
the firms of Merck and Kahlbaum under the label of "1 
Peroxide according to Dennstedt." But Dennstedt's inveai 
tions show that even these pure preparations almost always cone 
small quantities of organic sutetances, such as fibres, dust particl 
etc., wbicb must be destiojed before \)ae sMhstance is used. 
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^Bt' done by drying a large quantity on a watch crystal in an oven, 
^Tat a temperature of 130-140°, and heating this for at least half an 
hour, or longer, in a hard glass tube in a stream of oxygen at 
320-350°. For the preparation of minium the required amount 
of pure lead peroxide is heated in a stream of air at 400-450°, 
ot in an open porcelain dish, until tbe dark-brown colour is 
changed to a dull red ; it is then allowed to cool in a desiccator- 
Equal quantities of lead peroxide and minium are intimately 
mixed and used for the analysis. The quantity used for each 
analysis is 7-S grammes (not over 10 grammes) of the mixture, 
weighed out to within ^ gramme, by the use of ordinary weights. 
The substance is introduced into the tube in three small boats, 
the boat in the rear containing the main portion. The boats 
should be in the tube during the heating of the latter in a stream 
of osygen. 

When a substance contains sulphur, the boat in the rear is 
pushed to within 6-7 cm. of the contact star, but when sulphur is 
not present, the boat is kept at a distance of 8-10 cm. from the 
contact star. Under these conditions the heating in a stream of 
oxygen {320-350°) is done very cautiously in the course of at 
least a half hour, or better still, a whole hour, or more. The 
course of the combustion is otherwise the same as that described 
above. A rapid current of onygen is avoided as much as possible, 
otherwise complete absorption by lead peroxide will be prevented. 

Should the platinum (star, roll, etc.) come in contact with lead 
peroxide or minium at any time, the particles of the latter are 
removed first mechanically, and then by the use of hot dilute 
hydrochloric acid. 

If a substance explodes on heating, it is mixed in the boat with 
quartz-powder or quartz-sand (previously treated with hot hydro- 
chloric acid and heated to glowing), or with lead chromate which 
has been heated to redness. 

Simultaneous Determination of Sulphur with Carbon and Hydro- 
gen. — In this case the lead peroxide- mini urn mixmre should nat- 
urally be free from sulphates. In order to test the substance 
for sulphuric acid 20-25 grammes of the mixture k dv^csj-ei. oa- v 
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water-bath for one hour with a 10 % solution of sodiu 
free from sulphuric acid. The mixture is crushed and stirred A 
quently. It is then filtered, washed with 50 c.c. of w 
acidified with hydrochloric acid. The hot solution is now ti 
with barium chloride. The liquid should remain perfectly cl 
even after standing overnight. 

At the end of the combustion, and after the removal of j 
absorption apparatus, the boats are carefijlly drawn out by the d 
of a strong copper wire with a httle hook at one end. The si 
face of the substance in the first two boats will be covered withi 
white layer of lead sulphate. The contents of the boats are Irans- 
ferred into a beaker ; the empty boats are placed into a wide test- 
tube and heated on a water-bath with a- 5% solution of poie 
sodium carbonate ; the liquid is added to the main portion of lead 
peroxide and the boats are once more washed with a dilute solu- 
tion of sodium carbonate. Traces of sulphuric acid may also 
adhere to the contact substance, the roll, the combustion tube 
and the inner tube. These are, therefore, rinsed freely with water. 
The mouth of the inner tube is also dipped in a few cubic centi- 
metres of water, but the small wash bottle is not removed. If the 
salt of a sulphonic acid was analysed the combustion t 
washed with water, or better still, it is treated, with the boats, 
with a solution of sodium carbonate. In this case the wider por- 
tion of the inner tube is also rinsed with water. All the washing 
containing sulphuric acid are poured into the beaker, which holds 
the contents of the boats. The mixture should give an alkaline 
reaction. It is heated over an actively boiling water-bath for at 
least one hour. It is frequently stirred, and the precipitate it 
crushed with a glass rod which has been flattened out at one end 

The sulphuric acid is determined quantitatively as barium sai- 
phate by one of the following two methods : The entire liquid is 
separated from the precipitate by filtration. The latter is washed 
with water. Should the filtrate show turbidity by this treatment, it 
is once more poured through the same filter. The clear filtrate is 
then acidified with dilute hydrochloric acid, and is finally precipi- 
tatcd at the boiling point with bariuia chloride by the usual method. 
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The second method is that proposed by Dennstedt. The con- 
tents of the beaker {solution and precipitate) are transferred into 
a measuring cylinder. {The beaker must be rinsed.) The volume 
is now increased to a convenient round number by the addition 
of water. Suppose the volume is 100 c.c. Since the specific 
gravity of the precipitate is about 7 (if 7 grammes of lead peroxide 
were used), then in 100 c.c. of the mixture we have i c.c. of the 
precipitate and 99 c.c, of the liquid. To simplify the calculation 
another cubic centimetre of water is added so as to make the 
liquid volume just 100 c.c. An aliquot part is then taken, i.e. 
95 cc, and filtered through a dry filter as described above. 
The washings from the precipitate are also saved. After acidify- 
ing with hydrochloric acid, the sulphuric acid is precipitated as 
barium sulphate. From the quantity of barium sulphate in 95 c.c. 
of the liquid the amount in 100 c.c. is calculated ; in other words, 
from the quantity in the partial volume that in the total volume 
is calculated. 

Determination of Sulphur alone. — It is evident that the method 
described above may also be used for the determination of sul- 
phur alone, by leaving out the absorption apparatus. It is, how- 
ever, simpler and more convenient to use anhydrous sodium car- 
bonate as an absorption medium, in place of lead peroxide. The 
boats are filled with pure, calcined sodium carbonate (free from 
sulphuric acid). The substance is gently pressed down with a 
spatula. The combustion tube containing the boats is heated in 
a stream of oxygen, the sodium carbonate being heated to about 
400° with the flame-tube. The absorption apparatus is replaced 
by a straight calcium chloride tube which is connected with the 
palladium bottle. At the end of the combustion the cooled boats 
are drawn out of the tube by means of a bent wire, and their con- 
tents are transferred into a beaker. The boats are placed in a 
wide test-tube and treated with hot water. The liquid is 'added 
to the dry sodium carbonate. The combustion tube, the platinum 
star, the inner tube, and the combustion boat are rinsed with water. 
In short, ' the process described above is exactly followed. In 
order to change traces of sulphites in the alta\me soVnikcti \mlq 
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sulphates, it is heated and then treated with a few cuUc 
metres of a saturated solution of bromine water. The beakef^ 

covered with a watch crystal, and the solution is 
acidified (evolution of carbon dioxide) with moderately stro 
hydrochloric acid. The solution is heated until the yellow colo 
due to excess of bromine, disappears. It is then treated hot will 
barium chloride. 

This method is so easy and convenient after a few trials, that it 
seems to be destined to finally replace the Carius method. 
analysis, including the weighing of the barium sulphate, may 
usually completed without difficulty in half a day. The metl: 
has the fiarther advantage over Carius' method that whereas in die 
latter oxidation is sometimes incomplete with substances like 
sulphonic acids or sulphones, the difficulty is not experienced in 
this method. If a sufficient quantity of the substance is on hand, 
it is much more advantageous to cany on a separate determina- 
tion for sulphur by the sodium carbonate method, and ignore the 
results from lead peroxide in the simitl/aneous determination of 
sulphur, carbon and hydrogen. 

If the substance contains a small percentage of sulphur, the 
addition of barium chloride may not precipitate barium sulphate, 
even after long heating, due to the solubility of the latter in excess 
of barium chloride. But the precipitate will form when the solii' 
tion is allowed to stand overnight. If a larger quantity of sulphur 
is present, and a precipitate forms as soon as barium chloride a 
added, the precipitate is filtered in the usual way, after the solu- 
tion has become clear. The filtrate is then allowed to stand for a 
day so as to recover any precipitate that may form. The same 
procedure is also followed in the lead peroxide method. 

Analysis of Substances containing a Halogen. — If an organic 
substance contains a halogen in addition to carbon, hydrogen and 
oxygen (but no nitrogen or sulphur), a simultaneous determioB- 
tion of carbon, hydrogen and halogen may be carried out by the 
use of " molecular silver " (Kahlbaum). A long porcelain boat is 
filled with a few grammes of molecular silver. During the heating 
of the combustion tube this is aiao Vieated by the flame-tutx^ > 
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somewhat higher temperature being used than that prescribed for 
lead peroxide. 

The warm boat is then removed and transferred into a weighing 
tube (preferably a tube with two short legs near the open end), 
and is weighed after cooling. During the combustion the boat is 
kept at a distance of about 6 cm. from the contact star, and is 
heated to 300-350° with the flame-tube. .At the end of the 
analysis the weight of the silver boat gives directly the amount of 
halogen in the substance. 

Halogen compounds, and especially compounds very rich in 
halogen, burn much more slowly than halogen-free substances. 
On this account they easily distil over the contact star without 
decomposition, and the typical glow of the platinum, as well as 
the blackening of the tube, are not noticed. When this is the 
case the combustion is carried out very carefully and slowly, and 
the oxygen is not allowed to stream too rapidly. 

The method described above cannot be used directly if the 
halogen compound contains nitrogen or sulphur, due to the forma- 
tion of silver nitrite and silver nitrate or silver sulphate. For the 
determination of halogen in this case, as well as the determination 
of sulphur and halogen (by the use of lead peroxide) see Prof. Dr. 
M. Deonstedt's "Anleitung zur vereinfachten Elementaranalyse " 
(Hamburg, Otto Meissners Verlag, 2. Aufl., 1906). 

Calculation of the Atomic Formula. — In order to calculate the 
simplest formula of a substance from the figures giving its per- 
centage composition, the method is as follows : If a subtance 
contains, e^. : 

» Carbon =48.98% 

Hydrogen = 2.72% 
Chlorine = 48.30 % 

the percentage figures are divided by the corresponding atomic 
weights. There is thus obtained : 

8-1-12 =4.08 C 
a.7a-^ i =3.7aH 
48.30-1-35.5.= 1.36 CI 
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These figures are divided by the smallest — in this case 1.36: 

4.08-5- 1.36 = 3 C 
2.72 -5- 1.36= 2 H 
1.36 -f- 1.36 = I CI 

The simplest atomic formula, therefore, is CaHjCl. If the num- 
bers obtained in the last division are not integers, they are multi- 
plied by the smallest integer which will convert the fractions into 
whole numbers. If, e,g,y the following numbers have been found, 
1.25, 1.75, and 0.5, they are multiplied by 4, the results being 
5, 7, and 2. j 

The simplest formula thus obtained from the analytical data I 
does not always correspond with the true molecular weight. This 
must be determined by one of the usual methods, unless it may 
be inferred from the nature of the reaction by which the sub- 
tance analysed was produced. 

The exact atomic weights of the elements used in analytical 
calculations are : 



H = 


1.008 


C = 


12.00 


K = 


14.01 


S = 


32.07 


Cl = 


3546 


Br = 


79.92 


I = 


126.92 


= 


16.00 



These figures are taken from Kuster's " Logarithmischen Rcchen 
tafeln fiir Chemiker." 
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I. ALIPHATIC SERIES 



I. ExAtifPLE: Ethjrl Bromide from Ethyl Alcohol' 

To 200 grammes (iiocc.) of concentrated sulphuric acid con- 
tained in a round litre-flask, add quickly with constant shaking, 
without cooling, 90 grammes of alcohol (about gs'/c)- After 
cooling the mixture to the room temperature, add f lly 75 

grammes of ice-water, the cooling being continued nd th n 00 
grammes f fin ly j I 
verised pi b 

mide (se H>d b 
Acid, pag -^79) Th 
mixture is subjected to 
distillation, which must 
not be loo slow, the flask 
being heated on a small 
sand-bath with a large 
flame (Fig. 63). Since 
the boiling-point of ethy! 
L bromide is low (sS"), a 
long condenser, with a 
quite rapid current of water passing through it, is used. An up- 
right coil condenser (see Fig. 27, page 34) may be employed 
advantageously. At the beginning of the operation, the receiver 
is filled with s sufficient amount of water containing a few pieces 
of ice to allow the end of the adapter to dip under the surface. 
The reaction is ended as soon as the oily drops which sink to the 
bottom of the receiver cease passing over. If, during the distilla- 
tion, the contents of the receiver should be drawn up into the con- 
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r 

^^H densci, this difficulty may be overcome by placing the receiver 
^^B in ^uch a position that the end of the adapter reaches just below 
^^M the surface of the water. The same result may be attained by tura- 
^^^ ing the adapter to one side, so that air may enter it. The loiver 
^^r layer of the distillate consisting of ethyl bromide is washed in the 
I receiver several times with water, and finally with a dilute solution 

of sodium carbonate, during which the flask must not be closed, 

I The lower layer is then run out of a separating funnel, dried with 
calcium chloride, and finally distilled, the same precautions as to 
cooling, mentioned above, being observed. In this case a very 
small flame of a microbnmet is used, or the burner tube 
Bunsen burner is removed and a luminous flame, a few mi!limelr« 
high, is lighted at the nozzle. The ethyl bromide distUs between 
35-40% the main portion at 38-39°. In consequence of the low 
I boiling-point of ethyl bromide, it is never allowed to stand in open 

vessels for any length of time; during the drying over calciuaf 
chloride, the flask must be closed by a tight-fitting cork. 
finished preparation, particularly at summer temperature, 
not be preserved in thin-walled vessels of any kind, but always in 
thick-walled, so-called specimen bottles. Yield, 70-80 grammes. 
At the conclusion of this experiment, as well as in all the follow- 
ing preparations, the amount of actual yield is compared with ths 
percentage required by theory. The following points are lher^ 
fore noted : According to the chemical equation, one raolecuki 
weight of potassium bromide {i 19) requires one molecular weight 
of alcohol (46). In actual work, especially in a large number of 

k organic reactions which do not take place quantitatively, and, 
where economy is to be considered, one of the reacting subsl 
is taken in excess, in accordance with the Law of Mass 
Since the price of one kg. of potassium bromide is a 
marks, and that of one kg. of alcohol (including duty) is abofll 
1,80 marks, — duty-free alcohol 0.90 mark, — the price of ok 
molecule of potassium bromide (119 x 4) compared with thai of 
one molecule of alcohol (including duty) (46 X r.So), or duly- 
free alcohol (46 X 0.90), is in the ratio of 6 : i, or iz : 1. From 
the standpoint of economy \\ k nvtiic x^^ktnal to ose an exOSt 
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of the cheaper alcohol and convert the more expensive potassium 
bromide, as completely as possible, into ethyl bromide. The 
quantities used in the above experiment are in accordance with 
these considerations. 100 grammes of potassium bromide require 
theoretically 39 grammes of alcohol, while the quantity of alcohol 
used is 86 grammes (90 grammes of 95 %), i.e. more than twice 
the theoretical amount. In order to calculate the yield theoreti- 
cally possible, the quantity of potassium bromide must be taken as 
the basis, since the conversion of the total amount of alcohol into 
ethyl bromide is impossible. When the alcohol used for the prepa- 
ration of its corresponding bromide is more expensive than potas- 
sium bromide, then the substance to be taken in excess is naturally 
potassium bromide. {Compare the discussion of the Law of Mass 
Action under Acetic Ester.) 

The ethyl bromide thus obtained is contaminated with a small 
amount of ether. If it be desired to remove this, the well-cooled 
crude ethyl bromide, contained in a flask surrounded by a freezing 
mixture of ice and salt, is treated, before drying with calcium 
chloride, with concentrated sulphuric acid, added drop by drop 
and with frequent shaking, until it separates out in a layer under 
the ethyl bromide. The acid containing the dissolved ether is 
then run off (in a separating funnel) from the ethyl bromide, which 
is shaken up several times with ice water, dried with calcium chlo- 
ride, and redistilled as before. For the preparation of ethyl ben- 
zene (which see) the ethyl bromide need not be thus purified. 

2. Example : Ethyl Iodide from Ethyl Alcabol ' 

To a mixture of 5 grammes of red phosphorus and 40 grammes 
of absolute alcohol, contained in a small flask of about 200 c.c. 
capacity, 50' grammes of finely pulverised iodine are added gradu- 
ally in the course of a quarter hour ; the (iask is frequently shaken 
during the addition, and cooled from time to time by immersion 
in cold water. An air condenser — a straight vertical glass tube 
1 form — is connected with the flask, and the rcac- 
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;ntly necessaty to heat the alcohol saturated with the acid in a 
1 tube. The above method for the preparation of ethyl bromide 
ImpJe case of the genenti reaction. In place of uaing hydrobromic 
iirectjy, it can in some cases, like the one given, be generated by 
ing a mixture of potassium bromide and sulphuric acid: 

KBr+ H3S0j = HRr4 KHSO^. 
ochloric acid reacts with most difliculty, and it is, B.g., in the prepa- 
i of methyl chloride and ethyi chloride, necessary to employ a 
Iraling agent — zinc chloride is the best ^ or with the alcohols of 
molecular weights, to heat in a closed vessel under pressure, 
lis reaction is not only applicable to the aliphatic, but also to the 
itic alcohols ; e.g. : 

CaHs . CHo . OH + HCI = QH5 . C\if\ + Hp 
Benzyl alcohol Bcniyl chloride 

jhenol hydroxy! groups cannot be replaced by the action of a 
en hydracid. 

ith di-acid and poly-acid alcohols the reaction takes place, at least 
hydrochloric and hydrobromic acids ; but, in this case, the number 
droxyl groups which are replaced by the halogen depends upon 
auditions of the experiment, the quantity of the halogen acid, the 
irature, etc., e.g. - 

CH5.OH CH,.Br 

I + HBr = I + H,0 

CH,.OH CHj.OH 

Etfafkiie glycol Elhylene bromhydrine 

CHj.OH CH,.0H 

I 

- CHCI + 2 HP 
CHpl 

CH,,OH CH..Br 

1 I 

CH„ -)- 2 HBr =CH, + a H,,0 

I I 

CHj.OH CHj.Br 

THincihylei^e glycol Trimcihylenc bcoTnidc 

iodic acid, in consequence of its reducing properties, acts upon the 
»cid alcohols in a different manner. A s/'ng/e hydroxy! group, and 
larticular one in combination with a carbon atom which is in turn in 
ination with other carbon atoms, is replaced by iodine, while at times 
lljMttwyl youps are replaced by the hydro^^BtSj 
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CH.OH +aHa 
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CH5.OH 

CH.OH + 
I 
CH,.OH 

Glyccml 



CHj 



1 



I CH,(0H).CH(0H).CH(0H).CH^(0H) + 7HI 

= CH,.CH3.CHl.CH3 + 4H,0+fiI 

H-Sec. Bulyl iodide 

CH,(OH).CH{OH).CH{OH).CH(OH).CH(OH).CH,(OH)+nHi 

' Mannite 

= CHg.CHl.CH,.CHj.CH,.CHs + 6H,0 

F With derivatives of alcohols, 
I first reaction takes place : 
' CHj.OH.CHj.COOH + HI 

CH,(OH) . CH(OH). COOH + 2 Ha = CH,a . CHQ . COOH + 2 H,0 

Giycfric acid -3-Dichiorproptianic atid 

■2. The second reaction takes place much more energetically, espe- 
cially when a phosphorus haiide which has been previously made is 
used. This is not always necessary, at least in introducing bromine 
and iodine; in many cases it is better to generate the phosphorus halido 
in the course of the reaction, by adding to the mixture of alcohol and 
red phosphorus either bromine from a dropping funnel, or as above, 
finely pulverised iodine. This reaction, as well as the first, is applicable 
to poly-acid alcohols and substituted alcohols, e.g.: 

CHjCI -(- 2 POCI3 + 



c. Huyl ia 

.g. alcohol-acids (hydroxy acids) the 
= CH,I . CH, . COOH -t- H,0 

S-Indopropiionic acid 

= CH,a.cHa.cooH 



{a) CH,(OH) .CHj(OH) -f 2 PCI, = CHjCI . C 
Ethylene glrcoL Elhylecc ch 

ib) CHa(OH) . CHCI . CHjCl + PCI, 

DichloThydrine 

= CHjCl . CHCI . CH,C1 + poa. 



tThis example illustrates the more energetic action of the pfaospbi 
haiide as compared with the corresponding hydrogen haiide ; 
possible lo replace the third hydroxyl group of glycerol with chloi 
by the use of hydrochloric acid. 
(0 CH3 . CH (OH) , COOH + PCI5 = CHg . CHCI . COOH -n POQ, 
(1) (I) 

o-Hydioi;pTapHoDic add i>.ChlBrpnipi 

In cases of this kind a complication arises, due to the fact that the 
phosphorus haiide also acts upon the hydroxyl of the carboxyl grot^ 
replacing it wiih the halogen, gwing nae \.o aa »t\i-t:V\iifiiR.- 



ALIPHATIC SERIES 137 

CH3.CHCl.CO.OH + PCl5 = CH^.CHCl.CO.Cl + POCl3 + Ha 

The add may be regenerated by treating the acid-chloride with water; 

CHj.CHCl.CO.Cl + H50 = CH3.CHCl.CO.OH + Ha 

The action of phosphorus iodide on poly-acid alcohols is similar to the 
action of hydriodic acid referred to under Reaction I . 

The more energetic action of the phosphorus halides may also be 
perceived in the fact that phenol hydroxyl groups can be replaced by a 
halogen, by the use of the phosphorus compounds, which, as mentioned 
above, is impossible with the halogen hydracids, e.g. : 

CoHj.OH + PClj = CgHj.Cl + POClg + HQ 

Ptuaml (Bi} (BrJ 

<' NO, /NO, 

+ pa, = QH,^ + POCI3 + HQ 



pa, = QH,/^ + poaj + HQ 



\(NO,)a NNO3), 

Picric Kid Picijichlc 



But the quantities obtained are much less satisfactory, the reason being 
that the phosphorus oxychlorjde attacks the unacted-upou phenol, form- 
ing phosphoric acid esters, e.g.: 

POCla + aCaHj-OH = PO. (OQHj)^ + 3 HCl 

In this way a large portion of the phenol is withdrawn from the main 
reaction. 

The monohalogen alkyls CBH,i„+i)C!{Br, 1) are in most cases colour- 
less liquids, the exceptions being methyl and ethyl chlorides and methyl 
bromide, which are gaseous at the ordinary temperature, and the mem- 
I bers of the series having high molecular weights, like cetyl iodide, 
I CjfH^gl, which are semi-solid, salve-like substances. The iodides are 
only colourless when freshly prepared ; on long standing, especially 
under the influence of light, a slight decomposition, resulting in the 
separation of iodine, takes place, imparting to them a feiint pink colour 
at first, which becomes brownish red after a long time. This decom- 
position can be prevented if some finely divided, so-called molecular 
silver is added to the liquid. A coloured iodide can be made colourless 

t iking it with some caustic soda solution. The halogen alkyls 
adily with organic solvents, as alcoho\, eHiei, cmWti d!\aBi.^V\4ft^ 
A I 
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benzene, etc., but not with water. The chlorides are lighter, the bro- 
mides and iodides heavier than water ; the latter have the highest 
specific gravities. This property decreases in all three classes with the 
decrease in halogen percentage from the lower up to the higher mem- 
bers of the series; i.e. the higher molecular weight compounds have a 
smaller specific gravity than the lower members. The chlorides have 
the lowest boiling-points ; the corresponding bromides boil about 25^ 
and the iodides 50° higher. 

The ease with which the monohalogen alkyls react with other com- 
pounds gives them great importance ; they are used primarily as a means 
of introducing alkyl groups into other molecules, i.e, by replacing an 
hydrogen atom with an alkyl group. If it is desired, e.g,^ to replace in 
an alcohol, mercaptan, phenol, or acid the hydrogen of the (OH)-, 
(SH)-, or (COOH) -group by an alkyl radical, ue. to prepare an ether, or 
ester of these substances, the corresponding sodium compound, or in 
case of acids, better the silver salt, is treated with the halogen alkyl, ^^.^ 

C2H5 . ONa + IC2H5 = C2H5 . . C2H5 -f Nal 

Sodium alcoholate Ethyl ether 

C2H5 . SNa + IC2H5 = C2H5 . S . C2H5 + Nal 

Sodium ethyl mercaptide Ethyl sulphide 

QH5 . ONa + ICHg = CeH^ . O . CH3 + Nal 

Sodium phenolate Phenyl methyl ether 

ssAniscd 

CHg . COOAg + IC2H5 = CHs . COO . CjH^ + Agl 

Silver acetate Ethyl acetate 

The alkyl groups may be introduced into the ammonia molecule and 
mto organic amine molecules by means of the halogen alkyls ; €,g* : 

NH3 + ICH3 = NH2.CH8 + HI 

Methyl amine 

Di- and tri-methyl amine are also formed at the same time. 
QH^ . NH2 + 2 CH3CI = QH5 . N (CH3)2 + 2 HQ. 

Aniline Dimethyl aniline 

Hydrogen atoms in combination with carbon may also be replaced by 
alkyl radicals, by means of the halogen alkyls. Since under these con- 
ditions another radical is introduced into the molecule, it presents a 
method of preparing the higher members of a series from the lower, 
s\mp\tr on^s. Various examples of this will be taken up later in labor 
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lificient to refer to several equations 



jry practice. Here it will be e 
owing tbis kind of reaction. 

Jj.CO.CHNa.COOCjHj+lCH^ = CH3.CO.CH-COOC5H, + Nal 

CH,, 



I 



COOCH, COOQH, 

i I 

CHNa + ICaHj = CH - CHj - 

COOCjHj C0OC,H- 

Sodium malonic esler Elhyt nisianlc 



CbH^ 



h ClCjHj 
Aia,) 



i Syntbesis, to be taken up later, is a case of this kind, by 
a balogen atom is replaced by an alkyl group ; e.g. .- 



jrtber, the halogen aJkyls servi 
ted hydrocarbons of the ethylei 



for the preparation of the u 



CH3.CHI.CH3 = CH3.CH = CH, + HI 

IsoptopyL bdide Propylene 

ny cases the alcohols may also be prepared from the halogen 
e.g. : 
CH,.CHi.CH3 + HOH = CHj.CHCOHj.CH, + HI 



his reaction is obviously only of importance when the halogen alkyl 
not obtained from the corresponding alcohol, as is the case in the 
ample given. As above mentioned, the isopropyl iodide is most 
nply obtained from glycerol and hydriodic acid, so that by this 
action the glycerol can be converted into the isopropyl alcohol 
ompare Reaction 13). Halogen aJkyls also unite directly with other 
mpounds, like sulphides and tertiary animes ; 

/:.H, 

CjH, . S . C;H, + IC._,H, = S <^^'^ 

Ethyl sulphidi 
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N(CHj)3 J-CH^a =_N(CH,),a 



:hIoride 

CjH^N + ICH, = C,H,N ■ ICHj 

Pyndine Mclhylpyndiiie iodide 



I 



I 



With these examples the list of the many-sided reactions of the hi 
(^en alkyls is not exhausted ; they are also used for the ^ 
of the metallic alkyls, e.£^. zinc alkyls ; for the preparation of tt 
phosphines, and for many other compounds- Through the Grignai 
reaction, with iCs many-sided applications, the halogen alkyls hive i 
cendy become extremely important. Finally, attention is called tc 
characteristic difference between the organic and inorganic halida 
While, e.g., potassium chloride, bromide, or iodide in solution a 
instantly with a silver nitrate solution to form a qua«t!tative predpitil 
of silver chloride, bromide, or iodide respectively, silver nitrate ii 
water solution does not act on most organic halides, so that this reag 
does not serve in the usual way to show the presence of a halogen. 

Experiment ; Treat a solution of silver nitrate with a few dKfl 
of ethyl bromide. Not the least trace of silver bromide is foi 

It has been customary to explain this by saying that the a 
between the halogen atom and carbon is greater than that between l) 
halogen and the metallic atom. According to our later views the di 
ence between the two classes of compounds is explained thus; 
metallic halides belong to the class of so-called electrolytes, i.t. 
stances which are dissociated in water solution, e.g. the molecule K( 
is dissociated into its ions, K and CI. The organic halides are 
electrolytes, i.e. the solutions of these contain the undissocialed d 
cules. According to this conception, the potassium chloride r 
with silver nitrate, because no further separation of the potassium 
the chlorine (other than that eifected by solution) is necessary, while! 
case of the brom alkyls, the brom-carbon union must first be 
Only halogen ions react, at once, (juantilatively with the silver ioM 
silver nitrate. 

Ethyl iodide is an exception; when'shaken with a solution of sH 
nitrate, it gives an abundant precipitate of silver iodide. Other iodi( 
especially tertiary iodides, do not react with a water solution of sB 
nitrate, as readily as ethyl iodide. Methy! and ethyl iodides H 
quantitatively when an alcoholic solution of silver nitrate is used. 1 
reaction is employed, according lo Zeisel, for the determinatian 
methoxyl groups. Elhyi bromide reacts with alcoholic silver 
beating; ethyl chloride reacts mQte a\ci"«\'j- 
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Example : Acetyl Chloride from Acetic Acid ' 

To 100 grammes of glacial acetic acid contained in a fraction- 
iDg fiask connected with a. condenser (coil condenser), So 
ammes of phosphorus trichloride are added through a dropping 
nnel, the flask being cooled by water. The bulb is then im- 




FlG, &«. 

lersed in a porcelain dtsh filled with water at a tcmperaliire ot 
>-50°, and the heating cmitintied imtil (he active ewolutioo tA 
^drochloik add gas <ilackess, and the ti<|nid irhkh wa» homo- 
nKfyoi befere healti^ has separated into two Uyen. To »epa- 
kte the acetyl ehloride which knaa the vpf/er, Bghter byer, from 
le heavier lajei of phospbocow acid, tbe iMXtme h ht*ud or a 
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rapidly boiling water-bath until nothing more passes over. Since 
acetyl chloride is very easily decomposed by moisture, the distillate 
must not be collected in an open receiver, but the condenser-tube 
must be tightly connected with a tubulated flask (suction flask), 
protected from the air by a calcium chloride tube, as represented 
in Fig. 64. For complete purification, the distillate is distilled in 
a similar apparatus, except that the dropping funnel is replaced by 
a thermometer. The apparatus represented in Fig. 17, page 21, 
may be used for the redistillation. The portion distilling from 
50-56° is collected in a separate vessel. Boiling-point of pure 
acetyl chloride, 51°. Yield, 80-90 grammes. 

In order to replace the hydroxyl of a carboxyl group (CO . OH) by 
chlorine, a reaction, similar to the one employed above for the substi- 
tution of an alcoholic hydroxyl group by a halogen, may be used. If, 
e.g.^ a mixture of an acid and phosphoric anhydride is treated with 
gaseous hydrochloric acid (heating if necessary), there is formed an 
acid-chloride, the reaction being analogous to that by which ethyl 
bromide was prepared. 

X . CO . OH + HCl = X . CO . CI + H2O 

This reaction is without practical importance, since the reactions in- 
volved in the methods described under (2), page 136, take place mud 
more smoothly and easily, and, therefore, are exclusively used. In 
practice, the acid-chlorides are almost always prepared by the action of 
phosphorus tri- or penta-chloride on the acid directly, or in many cases, 
on the sodium or potassium salt. Phosphorus oxychloride is employed 
in rare cases. The selection of the chloride of phosphorus depends 
upon (i) the ease with which the acid under examination reacts, and 
(2) upon the boiling-point of the acid-chloride. If, as in the case of 
acetic acid and its homologues, the trichloride of phosphorus reacts 
easily with the formation of the acid-chloride, this is selected in prefer- 
ence to the more energetic pentachloride. The reaction probably takes 
place in accordance with the following equation : 

3 CHg . CO . OH + 2 PCI3 = 3 CH3 . CO . CI -h P2O3 -f 3 HCl ^ 

The quantity of acetic acid used is made the basis for the calculation of 
the yield required by theory. 
Jn cases in which the boiling-point of the acid-chloride desired does 
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not lie far from that of phosphorus oxychloride (110°), thus rendering 
a fractional distillation for the separation of the products difficult, the 
trichloride is always used. If an acid does not react loo energetically, 
as is the case with the higher members of the acetic acid series with 
the pentachloride, this is used. With the aromatic acids, the latter is 
used exclusively, since the trichloride and oxychloride react with great 
difficulty: 

C,Hu . CO . OH + PCI, = CtHi, . CO . CI + POCI, + HCI 

C^H, . CO . OH + PCIs = C,H, . CO . CI + POCl, + HO 

Bciuaic add BenzDy] chloiidc 

Attention is called to the fact that for one molecule of phosphorus 
pentachloride, but one molecule of the acid-chloride is obtained. 

The phosphorus oxychloride is used generally only when dealing 
with the salts of carbonic acids, upon which it acts as indicated by the 
equation : 

2 CH3 . CO . ONa + POClj = 2 CH, . CO. CI + NaPOg + NaCI 



This reaction may be used with advantage in order to utilise more 
of chlorine of the phosphorus pentachloride than is the case when the 
latter acts upon the free acids. If the pentachloride is allowed to act 
on a sodium salt, as above, there is formed, for an instant, phosphorus 
oxychloride, and while this no longer acts upon the free acid, it can 
convert two other molecules of the salt into the chloride : 

3CH3.CO.ONa + PCIj = 3CH3.CO.CI + NaFOj + 2Naa 
In this way, with the use of one molecule of phosphorus pentachloride, 
three molecules of the acid-chloride are obtained. 

The lower members of the series of acid-chlorides are colourless 
liquids ; the higher, colourless crystalline substances. They boil, gen- 
erally, at ordinary pressure without decomposition, but the higher 
members are more conveniently distilled in a vacuum. The boiling- 
points of the acid-chlorides are lower than those of the acids ; the 
replacement of hydroxy! by chlorine usually causes a lowering of the 
boiling-point. 

CH3.CO.CI Boiling-point 51° I C,Hj.CO.Cl Boiling-point 199° 
CHj.CO.OH " 118° I CjH5.CO.OH " 250" 

The acid-chlorides possess pungent odours. They fume in the air, since 
they unite with the moisture and decompose, thus forming the cane- 



l 
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sponding add and hydrochloric add. The; are heavier than water, 
and do not mix with it, but are easily soluble in indifferent organic 

Ivents like ether, carbon disulphide, benzene. 

To separate the chlorides from the by-products formed by the phos- 
phorus chloride, one can proceed as in the case of acetyl chloride, by 
distilling off the volatile chloride from the non-volatile phosphorus add, 
either on a water-bath or over a free flame. In order to separate s 
chloride, in case it disdls without decomposition, from the volatile phcps- 
phonis oxychloride formed when phosphorus pentachloride is useil, a 
fractional distillation is made. In other cases, the mixture is heated 
in a vacuum apparatus on an acdvely boiling water-balh, upon whicb 
the phosphorus oxychloride passes over. The non-volatile residue 
can be used, in many cases, without further purification ; it may be 
obtained perfectly pure by distilling it in a vacuum. 

Chemical Reactions. — The acid-chlorides are decomposed by water 
with the formation of the corresponding add and hydrochloric add. 

CH, . CO . CI -H H,0 = CHa . CO . OH -H HCl 

This decomposition takes place often with extreme eaae ; the chlorine 
atom is united to the acid radical much less firmly than it b in the case 
of an alkyl radical. While it is generally necessary, in order to conveil 
a halogen alkyl into an alcohol, to boil it a long lime with water, ofleD 
with the addidon of sodium hydroxide, or potassium hydroxide, a car- 
bonate or acetate, the analogous transformation of an acid-chloride 
takes place with far greater ease. With the lower members, e.g:. acetyl 
chloride, the reaction begins almost instantly at the ordinary tempCTi- 
ture, and continues with violent energy ; but it is necessary to Tieal the 
higher members to induce the transformation, e^. benzoyl clilorid^ 
which will be prepared later. 

ExpMUMENTT To s C.C. of Water in a test-tube is gradualiy 
added -J- c.c. of acetyl chloride. If the water is very cold, the 
oily drops, sinking to the bottom, do not mix with it, and may be 
observed for a short time. On shaking the tube, an ei.^-rgetic 
reaction sets in with evolution of heat, and the chloride passes 
into solution, which happens immediately if the water is not 
cold. 
The acid-chlorides react "wvfti ^\c»^io^» «ai ^fet^oU to form esteis : 




ALIPHATIC SERIES 14S 

CHj . CO . CI + CjHj . OH = CHg . CO . OC^H^ + HCl 
CHg . CO . Ci + CeHs . OH = CH, . CO . OC^H, + HCl 

Pheool Phenyl aceute 

Experiment: To i c.c. of alcohol in a test-tube, cooled with 
water, add an equal volume of acetyl chloride, drop by drop; 
this mixture is then treated with an equal volume of water, the 
tube being cooled as before; the liquid is then carefully made 
weakly alkaline with sodium hydroxide. If the pleasant- smelling 
ethyl acetate does not separate out on the water solution in a 
mobile layer, finely pulverised salt is added until no more will 
dissolve. This will cause the ethyl acetate to separate out. 

The acid-chlorides are also used to determine whether a substance 
under examination contains an alcoholic or a phenol hydroxyl group or 
not. If the compound reacts readily with an acid-chloride, it contains 
either alcoholic or phenol hydroxyl, since compounds containing oxygen 
in some other form of combination, e.g. as in ethers, do not react with 
acid-chlorides. 

The addition of anhydrous sodium acetate often materially assists the 



Finally, the action of the acid-chlorides upon alcohols and phenols 
is made use of to separate the latter from solution, or in order to detect 
them. However, benzoyl chloride is most generally used for this pur- 
pose, concerning the importance of which more will be said later. 

Add-chlorides act upon tiie salts of carbonic adds, forming anhy- 
drides: 



The next preparation will deal with this reaction. The acid-chloridea 
react with ammonia as well as with primary and secondary organic 
bases with great ease : 

CHs.CO.Cl + NHa =CHj.C0.NH5+ HCl. 



I EXFl 



CH,.CQ.Cl-l-C,.Hi.NH. = C„H.,.NH.CO.CH, + Ha 



Experiment: To 1 c.c. of aniline, acetyl chloride is added in 
)ps ; an energetic reaction takes place with a \i\^\'a?, «»aA, 
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which ceases when about the same volume of the chloride is added. 
The mixture is cooled with water, and five times its volume of 
water is added, upon which an abundant precipitate of acetanilide 
separates out, the quantity of which is increased by rubbing the 
walls of the test-tube with a glass rod. The precipitate is filtered 
off, and recrystallised from hot water. Melting-point, 115**. 

This reaction is also used to characterise organic bases by converting 
them into their best crystallised acid derivatives, and in order to detect 
small quantities, especially of liquid bases, by a melting-point deter- 
mination. Since the tertiary bases do not react with add-chlorides, 
because they no' longer contain any ammonia hydrogen, this reaction 
may be employed to decide whether a given base is, on the one hand, 
primary or secondary, or, on the other, tertiary. 

The fact that hydrogen in combination with carbon can be replaced 
by an acid radical by the use of an acid-chloride is of special importance. 
In this connection, the Friedel-Crafts ketone synthesis is particulariy 
mentioned. This will be taken up later, in practice. The reaction is 
indicated by the following equation : 

CgHe + CH3.CO.CI = CeHg.CO.CHa 4- HQ 

Benzene Acetophenone 

(\d presence of AICI5) 

The acid-chlorides are also of service for the synthesis of tertiary 
alcohols (Butlerow's Synthesis) , as well as for that of ketones. The 
final reactions will only be indicated here; in regard to the details, 
reference must be made to larger works. 

CHg . CO . CI + Zn<^ = CHg . C^Hg + ZnO 

Zinc methyl 

Trimethyl caxbinol 

jCHj.CO.Cl-f-Zn/^ ^=2CH3.CO.CH3-f ZnQ, 
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Example : Acetic Aabytiiie bwm JmCtI GUociit 



For the prepanition of acetic Knhj<dride an ^pparattts similar 
to that used in the preparalioo of acetyl chknide is employed, 
except that the fractionating &ask is replaced by i. tubulated retort 
(Fig. 6s, page 148).' 

To 70 grammes of finely pulverised, aubydroas sodium acetate 
(for the preparation of this, see below) contained in the retort, 
50 grammes of acetyl chloride are added drop by drop from a 
separating funnel. As soon as the first half of the chloride is 
added, the reaction is interrupted for a short time, id order that 
the pasty mass may be stirred up with a glass rod. The second 
half is then allowed to run in. If in consequence of a too rapid 
addition of acetyl chloride some of it should distil over into the 
receiver undecomposed, this is poured back into the funnel and 
again allowed to act on the sodium acetate. The separating 
funnel is then removed, the tubulure closed with a cork, and the 
anhydride distilled off from the salt residue by means of a luminous 
flame which is kept in constant motion. The distillate is finally 
purified by distilling in an apparatus similar to the one used in the 
rectification of the acetyl chloride (see also Fig. 17) with the 
addition of 3 grammes of finely pulverised anhydrous sodium 
acetate, which serves to convert the last portions of acetyl chloride 
into the anhydride. Boiling-point of acetic anhydride, 138°. 
Yield, about 50 grammes. 

Preparation of Anhydrous Sodium Acetate: Crystallised sodium 
acetate contains three molecules of water of crystallisation. In 
order to dehydrate it is placed in a shallow iron or nickel dish and 
heated over a free flame (lao grammes for this experiment). The 
salt first melts in the water of crystallisation, on further healing 
steam is copiously evolved, and the mass solidifies as soon as 

ler may be used, in which cau an ^i.'^«UM<tnc^:nwKri. 
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the main portion of the water has been driven off, provide^ 
flame is not too large. In order to remove the last portions ol 
water, the mass is now heated with a large fiame, the burner 
constantly moved, until the solidified mass melts for the second 
Care must be-taken not to overheat; in case this shoidd 




the fact will be recognised by the evolution of combustible g 
the charring of the substance. After cooling, the salt is n 
from the dish with a knife. If commercial anhydrous i 
acetate is at hand, it is recommended that this also be melted 'j 
since when it is kept for a long time it always takes up watei; 
The reaction of acetyl chloride with sodium acetate talces pi 
accordance with the following equation ; 

CH,CO\ 
CH3.CO.Cl + CH,.CO.ONa= X) + NaO 

CH^iCO/ 

This reaction is capable of general application, and the anbydi 
the add may be made by treating its chloride with the corresp 
sodium salt. The so-called mixed Mfc'jduie^, ':o'n.\M.'aai^v»ni 
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acid radicals, can also be prepared by this reaction, by using the chloride 
and sodium salt of two different adds : ' 

CH,.CO\ 
CH,.CO.Cl + CH,.CH..CO.ONa= >0+NaCI 

CHa.CHj.CO/ 

Since, as stated, an add-chloride may be obtained from an alkali salt of 
the acid and phosphorus oxychloride, it is not pecessarj' for the prepa- 
ration of an anhydride to first isolate the chloride ; it is better to allow 
the same to act direcdy on an excess of the salt, so that from the oxy- 
chloride and salt an anhydride is'dtrectly obtained: 

2 CHj . CO . ONa + POaj = z CH^ . CO . CI + POjNa + NaQ 

CH,.COx 
2CH..CO.ONa + 3CHa.CO.a = 2 >0 + 2Naa 

CH,.CO/ 

' CH,.COv 

4CH,.CO.ONa + POa, = 3 >0 + PO.iNa + iNaQ 

CHj.CO/ 

The lower members of the add-anhydride series are colourless liquids; 
the higher members, cry stall isable solids. They possess a sharp odour, 
are insoluble in water, but soluble in indifferent organic solvents. Their 
speeilic gravities are greater than that of water. The boiling-points 
are higher than those of the corresponding acids: 
Acetic acid, 118°, 
Acetic anhydride, 138°. 
The lower members can be distilled without decomposition at ordinary 
pressure ; but the higher members must be distilled in a vacuum. 

The chemical conduct of anhydrides toward water, alcohols, and 
phenols, as wel! as bases, is wholly analogous to that of the chlorides ; 
but the anhydrides react with more difficulty than the chlorides. Thus 
with water, the anhydrides yield the corresponding acids : 
CH,.COv 

>0 + Hp = zCH3.C0.0H 
CH3.CO/ 

Experiment : 5 c.c. of water are treated with \ c.c. of acetic 
anhydride. The ktter sinks to the bottom and does not dissolve 
even on long shaking. It will be recalled that the corresponding 
chloride reacts instantly with water very energetically. If the 
mixture be warmed, solution takes place. 
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^P ISO 

^^H In the presence of alkalies, solution takes place much n 

^^H with the formation of the alkali salts: 



CH..CO. ^ 

CH3.CO/ 



2 NaOH = 



2CH3.CO.ONa+ H^ 



Experiment : Mix 5 c.c. of water with ^ c.c. of acetic anhy- 
dride, and add a little causdc soda soIutioD. On shaking, without 
warming, solution takes place. 

Anhydrides of high molecular weight react with water with still 
greater difficulty, and require a longer heating to convert them into the 
corresponding acid. 

With alcohols and phenols, the anhydrides form acid-esters on heat- 
ing, while the add-chlorides react at the ordinary temperature: 



CHa-CI 



CH^.a 
CH3.CO. 



:o/ 



+ CjHjj.OH = CHj.CO.OCjHj + CH3.CO.OH 

u 

+ CgHj-OH = CHs.CO.OCjHs + CH,.CO.OH 

PhcDT) suuie 



It b to be noted that one of the two acid radicals in the anhydride is 
not available for the purpose of introducing the acetyl group into other 
compounds, — acetylallng, — since it passes over into the add. 

Experiment : 3 c.c, of alcohol are added to i c.c. of acetic anhy- 
dride in a test-tube, and heated gently for several minutes. It ii 
then treated with water and carefully made slightly alkaline. The 
acetic ester can be recognised by its characteristic pleasant odour. 
If it does not separate from the liquid, it may be treated \ 
salt, as in the experiment on page 145. 

With ammonia and primary or secondary organic bases, the a 
drides react like the chlorides : 

CH,.CO^. 
NH3-I- _ _ ^0 = CH,.CO.t 




c;h,.ni^ + 



CHj,.C( 
CH..CI 



-co/ 




CjHj.NH.CO.CH, + CH3.CO. 
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Experiment : Add 1 c.c. of aniline to i c.c, of acetic anhydride, 
heat to incipient ebullition, and then, after cooling, add twice the 
volume of water. The crystals of acetanilide separate out easily 
if the walls of the vessel be rubbed with a glass rod ; these are 
filtered off, and may be recrystallised from a little hot water. 

The acid-anhydrides can, therefore, be used, Hke the chlorides, for 
the recognition, separation, characterisation, and detection of alcohols, 
phenols, and amines. 

In order to complete the enumeration of the reactions of the acid- 
anhydrides, it may be mentioned briefly that they yield alcohols, and 
the intermediate aldehydes when treated with sodium amalgam : 



CH,.CO- 

= CH,,CHO + CH;,.CO.OH 
CH3.CO/ 



> + H, = C 



CHj . CHO + Hj = CH, . CHj . OH 
It is, therefore, possible to pass from the anhydride of an acid I 
aldehyde or alcohol. 



£xAMFi£ : Acetamide from Ammonium Acetate ' 

To 75 grammes of glacial acetic acid heated to 40-50° in a 
porcelain dish on a water-bath, finely pulverised ammonii^m car- 
bonate is added (100 grammes will be necessary) until a test- 
portion diluted in a watch-glass with water just shows an alkaline 
reaction. The viscous mass is warmed on an actively boiling 
water-bath to 80-90°, until a few drops of it diluted with water 
just show an acid reaction ; it is then poured (without the use of 
a funnel-lube) direcUy into two wide bomb-tubes of hard glass, 
which have been previously warmed in a flame. A single Volhard 
tube (see page 68) is much more convenient. After the por- 
tions of substance adhering to the upper end of the tube have 
been removed by melting down carefully with a flame, the last 
traces are removed with filter-paper, the tube sealed and heated 




I 



SPECIAL PART 

for five hours in a bomb-furnace at 220-230°.' The liquid re- 
action product is fractionated under the hood in a distJlling-Rask 
provided with a condenser. There h first obtained a fraction 
boiling between loo-i 30°, consisting essentially of acetic acid and 
water. The temperature then rises rapidly to 180° (an extension 
tube is substituted for the condenser, see page 22), at which 
point the acetamide begins to distil. The fraction passing over 
between 180-230° is collected in a beaker, cooled by ice water 
at the end of the distillation, and the walls are rubbed with a 
sharp-edged glass rod ; the crystals separating out are pressed on 
a drying plate to remove the Uquid impurities. By another dis- 
tillation of the pressed-out crystals, the almcat pure acetamide 
boiling at 223° passes over. Yield, about 40 grammes. The 
product thus obtained possesses an odour very chara.cteristic of 
(piouse excrement; this is not the odour of pure acetamide, but 
of an impurity accompanying it. In order to remove the im- 
purity, a portion of the distilled amide is again pressed out on 1 
drying plate, and then crystallised from ether. There are thus 
obtained colourless, ortoudess crystals, melting at 82°. 

The reaction involved in the preparation of an amide from the am- 
monium salt of the acid Is capable of general application. The latter 
is subjected to dry distillation, or more conveniently, heated in a sealed 
tube at 220-230° for five hours : 

CH5.CO.ONHj = CH,.CO.NH,-|-H,0 
In order to purify the amide thus obtained, the reaction-mixture may be 
fractionated, as in the case of acetamide, or if the amide separates out 
in a solid condition, it may be purified by filtering off the impurities and 
crystallising. Substituted acid-amides, and especially easily substituted 
aromatic amides, e.g. acetanilide. can also be readily obtained by this 
method, by heating a mixture of the acid and amine a long time in an 
open vessel : 

CHj . COOH^N , QHj - CH, . CO . NH . C„Hj -f- H„0 

Aniline snuu Acclanilide 

The ammonium salts of di- and poly-basic acids react in a similar wajt 
^g-= CO.ONH, CO.NH. 

I =1 -f2H,0 

CO.ONH^ CO.NH, 

■• Above this temperature ihe tube is WaMte to e» 
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Con^^ng furt>)er methods of preparation, it may be stated thai 
acid-chlorides or anhydrides when treated with ammonia, primary ot 
secondary bases form acid-amides very easily: 

I CH3.CO.CI +NH3 = CH3.CO.NH, + Ha 

H CHj.COv 

V >0 + NH,=!CH3.CO.NHa + CH,.CO.0H 

■ CHg-CtX 

The add-amides may be fiirthermorc obtained by two methods ol 
general application: (1), by treating an ethereal salt with ammonia^ 
and (2), by treating a nitrile with water; 

CH,.CO.OCsH, + NHj = CH,.CO.NH, + C,Ha.OH 

Ethyl aceuw 

CH, .CN + H2O = CHa-CO.NH, 



The add-amides are, with the exception of the lowMt membei; 
Toamide, H-CO-NH^ (a liquid), colourless, crystallisable compounds, 
e lower members being very easily soluble in water, e.g., acetamide ; 
s solubility decreases with the increase of molecular weight, until 
ally they become insoluble. The boiling-points of the amides are 
much higher than those of the acids: 



Acetic acid, Boiling-point, 
Acetamide, „ 



233° 



I Propriamcacid,Boil]iig-point, 141° 
I Proprionamide, „ 213" 



While the entrance of an allcyl residue Into the ammonia molecule 
does not change the basic character of the compound, as will be dis- 
cussed more fully under methylamine, the entrance of a negative acid 
radical enfeebles the basic properties of the ammonia residue, so that 
the acid-amides possess only a very slight basic character. It is true that 
a salt corresponding to ammonium chloride— CH3. CO. NH^.HQ — 
can be prepared from acetamide by the action of hydrochloric acid ; 
but this shows a strong acid reaction, is unstable, and decomposes 
easily Into its components. If it is desired to assign to the add-amides 
a definite character, they must be regarded as acids rather than bases. 
One of the amido-hydrogen atoms possesses acid properties In that it 
may be replaced by metals. The mercury salts of the acid-amides may 
be prepared with especial ease, by boiling the solution of the amida 
with mercuric oxide; 



3CHa.CO.NH,-fHgO=(CH4.C0.Ntl)^S-Vftfi 
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Experiment: Some acetamide is dissolved in water, treated 
with a little yellow mercuric oxide, and warmed. The latter goes 
into solution, and the salt of the formula given above is formed. 

The amido-hydrogen atoms can also be replaced by the negative 
chlorine and bromine atoms, as well as by the positive metallic atoms. 
These substitution compounds are obtained by treating the amide with 
chlorine or bromine, in the presence of an alkali : 

CHg . CO . NHCl CHg . CO . NHBr CH, . CO . NBr, 

Acetchloramide Acetbromamide Acetdibromamide 

The monohalogen substituted amides are of especial interest, since, on 
being warmed with alkalies, they yield primary alkylamines : 

CHg . CO . NHBr + HgO = CHg . NH, + HBr + COg 

This important reaction will be taken up later, under the preparation 
of methyl amine from acetamide. 

In the acid-amides, the acid radical is not firmly united with the 
ammonia residue ; this is shown by the fact that they are saponified, 
i.e, decomposed into the acid and ammonia, on boiling with water, 
more rapidly by warming with alkalies: 

CH3.CO.NH2+H20 = CH3.CO.OH + NH3 

Experiment : Heat some acetamide in a test-tube with caustic 
soda solution. A strong ammoniacal odour is given ofif, while 
the solution contains sodium acetate. 

If an acid-amide is treated with a dehydrating agent, ^.^., phosphorus 
pentoxide, it is converted into a nitrile : 

CHg . CO . NH2 = CHg . CN + HjjO 

Acetonitrile 

The same result is obtained by treating it with phosphorus penta- 
chloride ; but in this case the intermediate products, the amide-chlorides 
or imide-chlorides are formed : 

CHg . CO . NH2 + PCI5 = CHg . CCI2 . NH2 + POCI3 

Amide-chloride 

The very unstable amide-chloride then passes over, with the loss of one 
molecule of hydrochloric acid, into the more stable imide-chloride .* 

CH, . CCI2 . NH2 = CHg . CClz: NH + HCl 

Imide-chloride 

Ar\d this finally into the nitrile, 

CH3 . cci—i^H = ew^.c^iv ^ wa 
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I Example : Acetonitrile from Acetamlde ' 

To IS grammes of phosphoric anhydride, contained in a small, 
dry flask, lo grammes of dry acetamide are added. After the two 
substances are shaken well together, the flask is connected with a 
short condenser, and then heated carefully, with a not too large 
luminous flame kept in constant motion. The reaction proceeds 
with much foaming. Alter the mixture has been heated a few 
minutes, the acetonitrile is then distilled over with a large luminous 
flame, kept in constant motion, into the receiver (test-tube). The 
distillate is treated with half its volume of water, and then solid 
potash is added until it is no longer dissolved by tbe lower layer 
of liquid. The upper layer is removed with a capillary pipette 
and distilled, a small amount of phosphoric anhydride being placed 
in the fractionating Rask for the complete dehydration of the nitrile. 
Boiling-point, 8a°. Yield, about 5 grammes. 

If sn acid-amide is heated with a dehydrating- agent Cpfaosphorua 
pentoxide, pentasulphide, or pentachloride), it loses water, and passes 
over into the nitrile, e.g. : 

CH5.CO NHa = CH3.C=N + H,0 

Since, as has just been done, the acid-amide may be made by dehy- 
drating the ammonium salt of an acid, thus, in a single operation the 
nitrile may be obtained directly from the ammonium salt, if it is treated 
with a powerful dehydrating agent, e.g. ammonium acetate heated with 
phosphoric anhydride: 

CHi.COONH,= CH^.CN-l- 2H,0 
The acid-nitriles may also be obtained by heating alkyl Iodides (0/ 
bromides, chlorides) with alcoholic potassium cyanide: 

CHa |I-H K| CN = CHj.CN -I- KI 

CHjBr CH,.CN 



CHjBr CHj.CN 



KCN= I -l-aKBr 
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I 

^^H or by tbc dry distillation of alley! allcdi 
^^U cyanidi 



<0| QHa CN| K 
+ =C5H,.CN + K3S04 



PropriAoilrilc 



These two reactions differ from tliose above in tliat the introduction of 
1 of carbon is brought about. The nitriles thus appear lo be 
cyanides of the allcyls, and, therefore, may be equally well designated 
as cyaiudes, e.g. i 

CHj . CN = Acetonitrile = Methyl cyanide 

CjHj.CN = Proprionitrile = Ethyl cyanide 
etc. etc. etc. 

The lower members of the nitrjie series are colourless liquids, the 
higher members, crystal lisable solids ; the .solubility in water decreases 
with the increase in molecular weights. If they are heated with walei 
up to i8o° under pressure, they take up one molecule of water and are 
converted into the acid-amides : 

CH3.CN + Hp = CH3.CO.NHs 

On heating with acids or alltalies, they take up two molecules of water, 
and pass over into the ammonium salt as an intermediate product : 

CH3 . CN + a HjO = CHg . COONH, 

which immediately reacts with the alkali or add, in accordance irith 

the following equations : 

CH3.COONH, + KOH = CH3.COOK + NH3 + H^ 
CHj.COONH, + HCl = CH3.COOH + NHp 

This process is called " saponiticatioa." 

If nascent hydrogen (e.g. from zinc and sulphuric add) be allowed 
to act on nitriles, primary amines are formed (Mendius' reactioa} : ^ 

CH3.CN + z Hj = CHj.CHj.NH, 

Ethyl sunlne 
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Ftirtber, but of less importance, general reactions may be indicated 
by the following equations : 



CHg-COv 
CH3.CN + CH,.C0.0H= >NH = Dlacetainlde 

CH,.C(K 



CH3.CN + NHa-OH 



CH3.CN + Ha 



= NCCO.CHs)^ = Triacetamids 
= CH..cf 



.<" 



a. REACTION: PREFAHATIDN OF AN ACID-ESIER PROU THE ACID 
AND ALCOHOL 

Example : Acetic Ester from Acetic Acid and Ethyl Alcohol' 



A ^litre flask, containing a mixture of 50 c.c. of alcohol and 50 
cc. of concentrated sulphuric acid, is closed by a two-hole cork ; 
through one hole passes a dropping funnel, through the other a 
glass delivery tube connected with a long condenser or coil con- 
denser. The mixture is heated in an oil-bath to 140° (thermome- 
ter in oil) ; when this temperature is reached, a mixture of 400 c.c, 
of alcohol anil 400 cc. of glacial acetic acid is gradually added 
through the fimnel, at the same rate at which the ethyl acetate 
(acetic ester), formed in the reaction, distils over. In order to 
remove the acetic acid carried over, the distillate is treated in an 
e^it vessel with a dilute solution of sodium carbonate until the 
upper layer will not redden blue litmus paper. The layers are 
now separated with a dropping funnel ; the upper layer is filtered 
through a dry folded filter, and shaken up with a solution of 100 




T 
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grammes of calcium chloride in loa grammes of water, in oiddfl 
to remove the alcohol.' The two layers are again separated witkl 
the fiinnel, the upper one dried with granular calcium chloriijel 
and then distilled on the water-bath (see page 16}, 
point, 78'. Yield, about 80-90 fe of the theory. 

The formatioD of aa ester from acid and alcohol is analogous to ibc 
formation of a salt from an acid and a metallic hydroxide : 
NOa . H + Na . OH = NO, . Na + H^O 
CHs . COOH + CjHjOH = CH, . COOCjH, + HjO 

The two reactions take place quantitarively, but not in a similu 
manner. A strong acid reacts almost quantitarively with an equivalent 
weight of a strong base, and the product of this neutralisation is a sail. 
Upon this depend the processes of acidimetry and alkalimetry. Bui 
equimolecular quantities of an acid and an alcohol do not yield tbt 
theoretical quantity of the ester. A maximum quantity of ester is 
formed, but this &lls short of the quandty required by theory, and it is 
impossible, even when the reacting substances are kept in contact, to 
convert the unchanged acid and alcohol into ester beyond a certKO 
limit. If, for example, equimolecular quantities of acetic acid tai 
alcohol are allowed to interact, only two-thirds of these enter iolo tte 
reaction, the maximum yield of esler being 66.7% of the Iheor)*. It 11 
impossible to cause a union between the remaining one-third of acdifr 
acid and alcohol, even when the reaction is continued Tor a long tifflB> 
The difference in the quantitative course of the reaction in t 
tion of an ester is due to the "reversibility of the reaction' 
reaction products on the right-hand side of the equation (ester ind 
water) will interact in such a manner as lo reverse the reaction : 

CH3 . COOQHi + H,0 = CH3 . COOH + CsHjOH 
In reactions of this order the two sides of the equation are united, not 
by an equation sign, but, as proposed by van't Hoff, by two anow* 
pointing in opposite directions ; 

CH, . COOH + C^H^OH ^ CHa . COOCjH^ + HjO 

The reaction in the neutralisation of a strong acid with a strong 
base is, on the other hand, unlike esterifi cation, since it is "an irw- 
versible or a complete reaction " ; the water that is liberated does not 
react with the salt to reverse the reaction and regenerate the acid and 
the base. In reality this diffc'rence does not exist. 
' Calcium chloride forms a compouni Vrt^i a\t.ii'Q(i. ipja^aie -^^^jt. 
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reversible. But when a reaction product is extremely insoluble, or 
when it is a. gas, or when for other reasons the final products have 
little tendency to react and bring about the reverse change (and this 
is the case in the above example of the neutralisation ol a strong acid 
with a strong base), then one of the two opposing reactions is said to 
be complete " within measurable limits," and it is called an " irreversible 
reaction in the ordinary sense," although not in the strictest sense. — 
While in irreversible reactions chemical equations enable us to calculate 
the amount of the products from given quantities of reacting substances, 
in reversible reactions strictly quantitative stoichiometric methods 
do not give the desired information. But by the aid of the highly 
important Law of Mass Action (Guldberg and Waage, 1S67), it is pos- 
sible to determine to what extent a reversible reaction may be complete. 

As has already been mentioned, when equi molecular quantities of 
acetic acid and ethyl alcohol are allowed to react for some time, only 
two-thirds of these substances will be transformed into acetic ester and 
water. A "state of equilibrium" will finally be established, and the 
reaction nurture will have the following constant composition: 
j ester + | water -H J acetic acid + i alcohol 

The same equilibrium is established, if, instead of a mixture of acid 
and alcohol, a similar mixture of ester and water is taken. In this case 
the eater will be partially saponified into acetic add and alcohol, but 
the reaction will proceed only until J of the ester is saponified. An 
equilibrium will once more be established as above, so that f of ester 
and water, and j of acetic acid and alcohol will be obtained. 

It must not be assumed that in an equilibrium of this kind the mole- 
cules of the four substances remain unaltered (static equilibrium). On 
ihe contrary, while acetic acid and alcohol are forming ester and water, 
the molecules of ester and water are simultaneously reacting to bring 
about the reverse change (dynamic equilibrium). In spite of this con- 
tinuous reaction an equilibrium will exist, i.e. the composition of the 
system will remain unaltered, when the velocities of the two opposing 
reactions are the same. i.e. when in unit time an equal number of ester 
molecules is formed and saponified. 

The formation of ethyl acetate from acetic acid and alcohol may be 
expressed by the following equation of mass acdon : 

where Cg, Cj, Cb, Cw show the "conccnlration" of actfic acvi, ^criwJi, 
ester, and water respectively, and A" is a consla,Ot. B^ conten.'i.Ta.tisni, 



J 
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or " active mass " (Guldberg and Waage) is not meant the weight of 
each substance in the total volume or in unit volume, but the relaliK 
number of molecules, i^. the weight of each substance divided by iu 
molecular weigh! (the number of gramme-molecules or moles). 
equation shows thai when the four substances are in equilibrium mill 
one another, the product of the concentrations of acetic acid and al 
hoi divided by the product of the concentrations of ester and «a 
will be equal to a constant. How can this constant be calculatedj 
We simply ascertain by analytical methods the weights of the four 
substances that arc in equilibrium with one another in a concrete ex- 
ample, calculate the concentrations in accordance with deductions men- 
tioned above, and introduce these values into the equation given. 
This may be readily done in our example, since three of the substancK 
(alcohol, ester, and water) are neutral, and the quantity of the fouith, 
the acetic acid, may be easily ascertained by titration. If we take, e.g., 
equimolecuiar quantities of acetic acid and alcohol, namely, 60 gramma 
of acetic acid and 46 grammes of alcohol (and this will contain 10 
equal number of molecule';), we can determine the amount of add in 
one c.c. of this mixture, at the first minute, by titration. If we no* 
allow the two substances to react for some time, and titrate one c.c. of 
the mixture at stated intervals, the titre of the acid will be (buoil to 
diminish gradually, until finally it remains constant, due to equilibrium. 
If now we compare the maximum first titre with the final nunimum 
litre, we shall find that the latter is exactly one-third of the former; 
i.e. at equilibrium only one-third of the ori^nal molecules of acetic 
acid remain uncomliined, the other two-thirds having been changed 
into the ester. Since one molecule of acid yields one molecule of ei 
the number of ester molecules is exactly two-thirds of acetic acid molfr 
cules used originally for the experiment. Since further, with the 
formation of every ester molecule a water molecule is also formed, the 
number of water molecules is also exactly two-thirds of acetic add 
molecules taken originally. And finally, since with every molecule of 
acid one molecule of alcohol reacts to form the ester, two-thirds of the 
alcohol molecules are used up, and only one-third remain unchanged al 
equilibrium. We have thus determined the amount of ail four sub- 
stances at equilibrium by a mere titration. Consequently, we have ihc 
following values in our equation ; - - - " 

carry these values into the above equation, we obtain : 
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Thus when we have accurately determined the value of /Tin a single 
experiment, we shall be in a position to calculate the quantitative yield 
of acetic ester at equilibrium for all proportions of acetic acid and 
alcohol- Suppose we use, e.^., one gramme-molecule of acetic acid with 
two gramme-molecules of alcohol, and let x be the number of gramme- 
molecules of ester at equilibrium ; the gramme-molecular quantity of 
water will also be represented by x. The gramme-molecular quantity 
of unchanged acetic acid will then be (i —-f), aud thai of unchanged 
sticohol will be (3 — x). Making these substitutions in our equation, 
we obtain : 

x.x 4 

x = 'z±2y/\ 
Since the quantity of acetic acid used is only one gramme-molecule, 
jtr cannot be greater than one, and we are thus concerned only with the 
negative sign. Thus j-is equal to 2 — aVj = 0.85, i.e. 0.85 gramme- 
molecules of ester are obtained at equilibrium, i.e. 8;% of the acetic 
acid is transformed into ester. If, therefore, instead of using equi- 
molecular quantities of acetic acid and alcohol, we double the theoreti- 
cal quantity of the latter, 85 % of the acetic acid will be transformed into 
ester instead of 66.7 %. 

The following problems may be solved in this connecrion : 
How much ester will be formed when one gramme-molecule of acetic 
add is treated with three gramme -molecules of alcohol 7 How much 
ester will be formed when 30 grammes of acetic acid and 50 grammes of 
alcohol are twed ? What proportions of acetic acid and alcohol must 
be used in order to transform 75 % of the former into ester f 

As the above example shows, the yield of ester from the same 
quantity of acetic acid is greater, the larger the amount of alcohol used. 
This also follows directly ft^om the equation of mass action given above. 
As we have seen, A* must have the constant value of i for all propor- 
tions of reacting substances. Thus when Cj, the concentration of 
the alcohol, is increased, the remaining three quantities will also be 
changed in such a manner that the quotient will have a constant value. 
Thb can only happen when the quantities in both denominators in- 
crease, i.e. when the concentrations of the ester and the water formed 
at the same time become greater. The equalisation of the quotient, 
however, takes place not only through the denominator, but also through 
the numerator ; because when more ester is formed, more acetic acid will 
also be used up. This is shown by the decrease in the cQnccQtaiJ.WiTi. 
of acetic add. Thus a iarge excess of alcohol is Xaketv w\\Wi*A\% ieivwi, 
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to convert an add, as completely as possible, into an ester, tf, on Iht 
other band, it is desired to convert an alcohol into an ester quantita 
lively, a large excess of acid is used. 

The practical application of these principles in preparation work has 
already been pointed out under ethyl bromide. 

In the preparation of ethyl acetate described at«ve, sulphuric arid is 
also used in addition to acetic acid and alcohol. This reacts in two 
ways. It is a well-known fact that concentrated sulphuric acid com- 
bines with water chemically. Consequently, the water liberated during 
the formation of ester is either completely, or in part, removed, and the 
reverse reaction from right to left, i.e. the saponification of the freshlj 
formed ester, is either rendered impossible or difficult. Thus the yield 
of ester is much larger in the presence of sulphuric acid. But sulphuric 
add also acts as a catalytic agent in the reaction, i.e. it accelerates da 
formation of ester, as wdl as its saponification, and indeed in the same 
ratio, so that the state of equilibrium is not changed. Other adds maj 
also be employed as catalytic agents in this sense. Thus esters imi 
be formed by simply conducting hydrochloric add gas into a mixture 
of add and alcohol, or by heating the acid with alcoholic hydrochloric 
acid (containing a small percentage of HCl). (Compare B. a8. 3252.) 
The speed of the catalytic action is proportional to the strength of the 
add used as a catalytic agent. The stronger the dissociation of the 
add, i.e. the greater the concentration of hydrogen ions in the reaction 
mixture, the more rapid the formation of the ester. By this method, 
and others, is the strength of many acids determined. 

In many cases, where the salts of organic adds are more readllj 
obtained than the free acids, they may be used for the preparation f& 
the esters by heating them directly with alcohol and sulphuric add. 
Other methods for the preparation of acid-esters have been referred lo. 
and, in part, carried out pradically on the small scale in the foregoing 
preparations, so that at this point it is only necessary to recall the 

(1) CHa . CO . OAg -I- ICjH,, = CH, . CO . OCjHj -)- Agl. 
{2) CH3.CO.cn- CjH,. OH = CHg. CO. OC,H„ + HCl, 

(3) ™' ■ ^^^ O -f C,Hj . OH = CH3 . CO . OC,H, -H CH, . CO .OH. 

(4) Add-esters may also be readily obtained by treating the alkali 
salts of acids with alkyl sulphate,' at the ordinary temperature : 

R.CD.OMe-(-(CHa)jSO^= R. CO.OCH, -)- CH,. SO,. Me 
(Compare B. 37, 3658.) It must be remembered that methyl sulphate 
is poi.sonous. 

I The hydrogen atom in a hydrosyl group 
atom in combination witli nitrogen, may reafflV 
bylhe rise of dimethyl sulphate. SeeK.2M.i°V 
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Concerning the purification of the add-esters, it may be mentioned, 

I the crude reaction-product is shaken with a sodium carbonate 
solution until the ester no longer shows an acid reaction. The 
alcohol may be removed from esters difficultly soluble in water by 
repeatedly washing with water; in case an ester is moderately soluble 
in water, as ethyl acetate, it is better to use a solution of calcium 
chloride. 

The lower members of the series of add-esters are colourless liquids 
with pleasant, fruit-like odours ; the higher members, as well as those 
of the aromatic acids, are cry stall isable compounds, The boiling-points 
of esters containing alkyl residues of small molecular weights (CH„ 
lower than those of the corresponding acids ; the 
complex alkyl residues raises the boiling-points: 



C,H„ QHr) i 
«ofir 



pms already mentioned, the 
1 CHa-CO.OCiH, 



CH3.CO.OCH3 
CHj.CO.OCjHs 
CH3.CO.OH 
CHj.CO.OQHu 



ire saponified by heating with water: 
= CH3.C0.0H-fCjH,.0H 



The saponification is effected more readily by heating with alkalies: 

CH, . CO . OCjHj + KOH = CH3 . CO . OK + C^, . OH 

Other methods of saponification will be fiirther discussed when a 
practical example is taken up. The action of ammonia upon acid- 
esters, forming acid-amides, has already been referred to under acet- 

CHj . CO . OCjHs + NH3 = CHj . CO . NHj + C,H^ . OH. 

7. REACTIOK: SUBSTITDTIOH OF HYDROGEN BY CHLORINE 

Example : Uonochloracetlc Acid from Acetic Acid and Chlorine > 

A current of dry chlorine is passed into a mixture of T50 
grammes of glacial acetic acid and 1 2 grammes of red phosphorus, 
contained in a flask provided with a delivery tube and an inverted 
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^^1 condenser; the flask 13 heated on a rapidly boiling water-badvl 
^^B and must be placed in such a position as to receive as much ligfafl 
^^B as possible. The best result is obtained by performing the reac- 
^^P tion in the direct sunlight, since the success of the chlorination 
^^1 depends essentially on the action of the sun's rays. The reaction 
^^B is ended when a small test-portion cooled with ice-water solidifies 
^^M on rubbing the walls of the vessel (test-tube) with a glass rod. 
^^^ In summer the chlorination may require a single day, while dui- 
^^M ing the cloudy days of winter, two days may be necessary. For 
^^M the separation of the raonochioracetic acid the re action- product is 
^^H fractionated from a distilling flask connected with a long air con- 
^^B denser. The fraction passing over from 150-200° is collected in 
^^H a separate beaker ; this is cooled in ice-water and the walls nibbed 
^^P with a glass rod. The portion solidifying, consisting of pure mono- 
^^ chloracetic acid is rapidly filtered with suction, the loose crystals 
being pressed together with a spatula or mortar- pes tie. The sue- 

I tion must not be continued too long, because the monochloracetic 
acid gradually becomes liquid in warm air. The filtrate is again 
distilled, and the portion passing over between 170-100°! 
lected in a separate vessel. This is treated as before (cooling 
and filtering), and there is obtained a second portion of mono- 
chloracetic acid ; this is united with the main quantity, which is 
again distilled. The product thus obtained is perfectly pure. 
Boiling-point, 186°. Yield varying, 80-125 grammes. 
Since monochloracetic acid, especially when warm, attacks the 
skin with great violence, care must be taken in handling it. 



ft 



Chlorine or bromine substitution products of aliphatic carbonic adds 
can be obtained by the direct action of the halogen on the acids : 
CH3.CO.OH + CI, = CHjCI.CO.OH + HCl 
(Br,) (Br) (HBr) 

If the reaction is allowed to continue for a long time, other substitution , 
products can also be obtained. But the action of chlorine or bromine 
on adds is very sluggish. It may be substantially facilitated by certain 
conditions. If, e.g., the operation is conducted in direct sunlight, lh< 
reaction proceeds much more rapidly than in a dark place. The re^io 
tion is assisted more effectively bj adi^nj^aiKallKA " carrier." lodiue 
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may be used as such for the introduction of chlorine or bromine. When 
added in small quantities to the substance to be substituted, it causes 
the substitution to take place more rapidly and completely. The con- 
tinuous action of this carrier depends upon the following facts : In 
the first phase of the reaction, chlorine iodide is formed : 

(0 CI + I = ICl 

This acts, then, as a chlorinating agent in the second phase, according 
to the following reaction : 

(2) CH3.CO.OH + ia = CH5Cl.CO.OH + HI 

The chlorine acts upon the hydriodic acid as follows : 

(3) HI + Cl3 = ICl + HCl 

The molecule of chlorine iodide is thug formed anew (equation i) 
and can chlorinate another molecule of acetic acid, and so on. The 
action of the iodine in the la-it case depends upon the feet that the 
molecule of chlorine iodide (ICl) is more easily decomposed into its 
atoms than the molecule of chlorine (CI^). The disadvantage neces- 
sarily incident to the use of iodine as a carrier is, that the reaction- 
product is easily contarninated with iodine derivatives, — in small 
quantities, it is true. 

In an entirely different way the chlorination is fecilitated by the 
addition of red phosphorus. In this case, phosphorus pentachloride 
is first formed from the phosphorus and chlorine ; this, acting on the 
acetic acid, generates acetyl chloride, and this latter, with an excess 
of the acid, forms the anhydride. Direct experiments have shown that 
acid-chlorides, as well as aohydrides, are substituted by chlorine with 
much greater ease than the corresponding acids ; in this fact tlie action 
of red phosphorus finds its explanation. Since a small amount of 
phosphorus is sufficient for the chlorination of a large amount of acetic 
. acid, the question as to how this is continuously effected remains to be 
answered. In accordance with the above statements, the following 
reactions take place : 

(i) P-nClj-PCl, 

(2) CH3.CO.OH + Pa, = CH3.CO.Cl-)-POClj+ HCI 

CH,.CO\ 

(3) CH..CO.a-HCH,.CO.OH= >0 ^- HCI 

CH^.CO/ 
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:i .>: .s-^.utuc .x>« *c» M the atthyddde, aaanochlcHacctic anhydrik 

it^: -..^j. xix.^.^ ^H'lx'i:'* >»:iix the hydrodiloric acid, in accordance in 




^ HO = CH.a.CX>.OH +CH,.CO.a 

V?wi^ -SL :iSa> .>i>:^!a<o. Sesides tiie moleciile of chloncetic add, ft 
xtvs^xwc .>* .«.ri*i .-SvM^cc* ant x\w m e d in reaction 2, which is utilise 
*.c>sM«cv.:> >t :2^ :v$eiacrjicon in vxardance with reactioDs 3, 4f ^ 
Vx .« v...>9^:ivi«^ '\>K :^ r»hosphort2s. sulphur is also recommodi 
\>t .iV . ^.sHi:kiiih.Hi :« x.*4^aft£x JCMis^ This acts inawhollysimi 
.uAa.K'.« N^-.tw .1 :^^ '.vims sulphur chloride, which, reacting out 
.K»vi^ >.«^c *.s.'5^*:SHt» c^^oinie* eonx-crts it into an acid-chloride. 1 
o;i'v%> >:vjkN..<^ ,^ :hc :tmci:oq ore similar to tiiose given above. 

\ ?w >ioauua:iv«u ,'i ^v^ouic carbonic acids, which is not 
^4 a;*^-*!; ui.\.sLa:icc n '.nr^Airacon work, but also as a means 
,a-;v.tu.;u:ij; .\s^>;!:i.*^':^ > dl$o conducted with the addition of 
lv^^^^^s■Ks ..N ^Sc^:-Vo*^.Jiu-Je^:aaiy Method V^ 

ITK* "^j-v^a^ca .uv'itts -u'v^a^s ec»r the o-oosition to the carb 
mv*ul^ l'^.v.>,.^ . '^.^a .*:v^jnc:iiC and butvric acids are bromina 

v.S^. CSlto 00. OH CH .CH-.CHBr.CO.OH 



\\ .10 .1 -^>\:! vesica -Uvm iii "present. ^.^.. in trimethyi-acetic 

':v.:'.:*i::oii -^lU not :ake olace. The abilit 



■t» > 
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.ui .u'.u ;o loiiu a ,uoai.uc >uj>i:iuiion product can, di^^ett}re. be 

. 'r^r V V 'ir^'.ic? -i ■-*. ..- --ir.x^Ti iiom. Iodine cannc 
,..-»■ ••rv-'. i:'.o -u: ■-•>.-: tc -v:'».:s '.:ke crxiorine and bromine. 
^ ^i 1:11 v^.:iiic >ui>;ituiioK /ivviuc'.s. i: is neossary to treat the c 
si^ouuin^ c-V.oir-.se .>r Src:v..:*-e .v::v^^^^a^ '*'-^ pocissium iodide: 

^-u; ^- o? OH - k: -= CH.:.CO.OH ^ Ka 

The halo^n der:vauve< :f the any adds are in part liquids, in 
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^ . In their reactions they resemble the adds, on the one hand, 
they form salts, chlorides, anhydrides, esters, etc. ; on the other 

> the halogen alkyls. They are of great value in the preparation 

y- and amido-adds, of unsaturated adds, for the sjmthesis of poly- 
acids, etc. Below are given a few equations capable of general 

cation: 

CH2CI . CO . OH + H,0 = CH,(OH). CO . OH + HQ 

Oxyacetic add = 
Glycolic add 

CH2CI . CO. OH + NHg = CHj.NHj.CO . OH + HQ 

Amidoacetic add — 
GlycocoU 

CHjI CH, 

CHa + KOH =CH + KI + H,0 

COOH CO . OH 

rrom glyceric add + Pis) Acrylic add 

CHjQ.CO.OH + KCN =CH,.CN.CO.OH + KQ ^-^ 

Cyanacetic add 

CO. OH 

<!h, 

2CHaBr.CO.OH + Ag,i5: I * +2AgBr ^ 

CHg 



i 



O.OH 

Succinic Add 



. REACTION: OXIDATION OP A PRIMART ALCOHOL TO AN 

ALDEHYDE 

Example: Acetaldehyde from Ethyl Alcohol^ 

i^-litre flask containing no grammes of concentrated sul- 
c acid and 200 grammes of water is closed by a two-hole 
; through one hole passes a dropping funnel, through the 
a glass delivery tube connected with a long condenser. To 
mcT end of the condenser is attached an adapter bent down- 
\, the narrower portion of which passes through a cork in 
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^^H the neck of a tbick-waUed suction flask of about ^litre capadq; J 
^^m (See Fig. 65, page 14S.) By using an upright coil condenser o 
^^H nected directly with the suction flask, an adapter is unnecessaifJ 
^^M The suction flask is placed in a water-bath filled with 
^^B mixture of ice and salt. The larger flask is heated ( 
^^B gauze until the water just begins to boi! ; a solution of 200 gramnn 
^^V of sodium dichroniate in zoo grammes of water which has b 
^^P treated with 100 grammes of alcohol is then added in a S' 

stream through the dropping funnel, the lower end of which in 
about 3 cm. above the surface of the hquid in the flask. 

the addition of the mixture, ftf 
will be unnecessary to heat the ' 
flask, since the heat produced 
by the reaction is sufBcienl 
to cause ebullition. The aldt- 
hyde thus formed distils into 
! receiver, besides some a!- 
l cohol, water, and acetal If g 

condensed vapours of ti 

' aldehyde escape from 

ceiver, the mixture is a 

^''°' **■ to the flask more slowly. ■ 

the other hand, if boiling is not caused by the flowing in of l3 

mixture, the reaction is assisted by heating with a small flatw 

After all of the mixture has been added, the flask is heated for ^ 

short time by a flame, until boiling begins. 

Since the aldehyde cannot be obtained easily from the reactioa 
products. by fractional distillation, it is first converted into a 
hyde-ammonia, which, on proper treatment, leadUy yields I 
pure aldehyde. 

The apparatus for this purpose is arranged as follows : 
flask to contain the aldehyde, placed on a wire gauze, is c< 
with a moderately large reflux condenser. Into the upper e 
of the condenser is placed a cork bearing a ""L-shaped glas 
which is connected with two wash-bottles, each containing 50 c.^ 
of dried ether. After the condenaer has been filled with water j 
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30* (the lover sife4zAe of the ^rrmtuasuar % ^umivt mfh 
tubing and a pmc&^odc), the ^rnirtfe art#iitf«*^ 1 staunt e^r ;--i.- 
minates to gentis: bailiis^ awt "iie j/urKtrwr ta* i- »»r v;/:rtrsiJ<si 
passes oter, and is abaoibeti ly he -snaer. txr^c^t i>^ ^^t^^r >=!^«i 
to ascend m the (Toimerrinif luifc he fi«*e t-^tr >? x^n^nmi^' 
mcieased intnwfframiy. T.i iwsia art«sxvu5-rfian<*/ujk- i ■:imtr*r. 
of diy ammoiisEt (see gai|c: ^, a^ ^jsaaiumfHi. ^tu tut a/c iX i 
wide adapto^ or finmcl r ^if ^ , nm he eherrsa jfomuji i-Ji^ 
tained in a ^^'^^'fa'^ smnniutert ly t xKrxin^. niisius^ J /^ it^t aai'- 
untfl tbe iiqaod sneils wsnn^v vf n ahsr ai wjir tie aiCjeu/zcit- 
amnKmia whsch. bstt aepasECKrt. ifir £ v:n£i^iL vim tut Sf ut^ x tiie 
vessel g*Mf ff lyfiftwr ^iiith. <& maan^ ur A^iue. UtarrtL wtu. auci/:ii. 
wadied witit a liirrfe i^rftrr. ant rhitn. aIi.«P^L i; sr? at ^e:-j«a>er 
in a deskxaCDc YIditL avxiii: ^n :^siinufi£. 

In oid^T tia abadn. yvnt ^su^toiy&f: :.'c ^axnxsusi i£ uiU&vj'tft- 
anunonia are ^saas-JsPtst xl zr^ jgrsmmits^ ^x wacixz. Ti:ai*:i wrx t 
cocked grn'meiu-g- of r^ jrixmruts^ "X '^j:ni:xsxTmi:i siuTmm: &=»£ 
and 20 gt anrnnes^ <5f -vsTcir. mi:: uestKrd ui. ^nie v.-Erer-rian^ Snirof 
akielifde fass a Ih'ir vaiir«r-^-»ac ' rz^ - -aif r»r::'s:Tne!- 35 cni^aerrrziec 
with the comJCDDKr ^ & 't.-^TiC. £iff v%I cr>:iifri v:rr xie ssi «.n 

Akkfajdcs can. ie wamusc ia riit us* :c Tbt :graenl roc^Qc w^xi 
in manj chcs Krji» at 2. inKi/:c :c pr^arE:i-*c jc «z::ncd=^ two 
hydrogen asooss fr)<jat sb pnxcsBrr ajrccd^ ':nr cossacc 

CH,.CH,-OH • O = CKy.C^ ^ H/> 

The oamecf thedasKof cocpocsdsisdenTTdfroai thisa^^ A)de^ 
hjde = Alfc>t>fcO'!>ddbTd frogcasaras). As an oxidisinii; a^nt in the 
abore case. dbro3i5c add is tbe oacsi scctable in tbe ionn ot potas^uo^ 
or sodimn didironiate in the prcseooe of salpburic acid : 

Na/:rA ^ 4 H.SO^ = O^ ♦ (SOJjCrj ^ Na^O^ + 4 H,0 

The rather difficnltlv soluble potassium dichromate (1 part disso)\*es in 
ID parts water) was fonnerlv generaDy used, but at present the moie sol- 
nUe and cheaper sodium salt (i part dissolves in 3 parts of waters is em- 
ployed wherever it is possible. But in the preparation of the simplest 
aldehyde (formaldehyde) from an alcohol a different oxidising agent la 
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used, viz. the oxygen of the air. On passing a mixture of die ynspam 
of methyl alcohol and air over a heated copper spiral, formaldehyde is 
produced. 

While by the first reaction one proceeds from substances whidi ia 
comparison with the aldehydes are oxidation products of a lower order, 
the aldehydes may also be obtained by a second mediod invtdving tiie 
use of compounds of the same substitution series, viz. the dihalogen 
derivatives of the hydrocarbons containing the group CHCl, or CHBr^ 
If these are boiled with water, or, better, water containing sodium car- 
bonate, potash, lead oxide, or calcium carbonate, etc, the two halpgcn 
atoms are replaced by one oxygen atom : 

CH5.CHCI, + H,0 = CHj.CHO + 2 HQ 

Ethylidene chloiide 

CjHj.CHCl, + H,0 = CeH^.CHO + 2 HQ 

Benzytidene chloride » Bmnlcltliydb 

Benialcfaloride 

This method is used on the large scale for the inanu£Bu:ture of the com' 
mercially important benzaldehyde. It will be referred to under bensd- 
dehyde. 

Finally, aldehydes can be prepared from their oxidation product^ 
the carbonic acids, by two methods, one of which has been already 
mentioned under acetic anhydride. If sodium amalgam is allowed to 
act on acid-anhydrides, an aldehyde b first formed : 

CHs-CCK 

X) + H, = CHg.CHO + CH3.CO.OH 
CH3.CO/ 

But this reaction is of little practical value for the preparation of alde- 
hydes. The second method, which is the real preparation method^ 
consists in the dr}' distillation of a mixture of the calcium or barium 
salt of the acid with calcium or barium formate : 

CH3.CO.Oca + H. CO. Oca = CH3.CHO + CkCO, 

(ca = iCa) 

The lower members of the aldehyde series are colourless liquids, soluble 
in water, possessing pungent odours. The intermediate members arc 
also liquids, but insoluble in water ; the higher members are solid, crys- 
tallisable substances. The boiling-points of the aldehydes are lowef 
than those of the correspondmg aVcoVioVa. 
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5CH,.CH0 Boiling-jviinr, 21' 

CH3.CH5.OH ■• • ;y.- 

(CHj.CHj.CHO - • ^.,- 

1 CH3.CHj.CH2*OH .... •• •ff 

Aldehydes are oxidised to adds by free as w«»II ih r^^mi.is.r/: ,j •/(■,» 
(compare benzaldehyde) : 

Upon this action depends the ^t that kitw.i.'U"., ui.-^ t.e'.^... ,, ,.,* 
rate from certain salts, e.g. aiivf^ n:rrir/t 

CH..CH0-AJ..0 .\ri W \- 

Experiment: Treat a iVv '*.:: jr. -.^.• 
nitrate solution with a few ^.rs,-. / 
drops of aldehyde, tj.v^ v .. >^ : 
iant mirror on ±e v s.'..= -.r' .- ^. - .- 
beautiful if the v^^Jt :;= . ,'- .- 
of caustic *c<a V, "T'j: - -.^ >: 
quently takes ^'-sr,* «: . v- .-' -- 
cases chIt -r 2-tr.::* •>■ - 
detect:'-.:: -,: s..>r:' '^-r 



* - -. - 
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of caustic soda, and then a few drops of aklehjrde, and finally a 
piece of solid sodium amalgam as large as a pea. Alter some 
time the red- violet colour appears. 

That aldehydes upon reduction pass over to primary alcohols has | »r 
been mentioned under acetic anhydride : 

CH3.CHO + H, = CH,.CH,.OH 

It is wholly characteristic of the aldehydes that they unite directly 

(i) with ammonia, (2) sodium hydrogen sulphite, and (3) hydrocyanic 

ncid. The union with ammonia takes place in accordance with the 

fallowing equation: 

yOH 
CH3.CHO + NH, = CH,.CH< 

Aldehyde-aminonia'- 
a-aaiiaoethyl alcohol < 

This reaction is not so common as the second and third. Thus, 
e.g.y formic aldehyde and most of the aromatic aldehydes behave 
differently toward ammonia. Whenever this reaction does take plaa 
it can also be used with advantage for the purification of the aldehyde, 
as in case of acetaldehyde ; by allowing the well-crystallised double 
compound to separate out, on treating it with dilute sulphuric acid, the 
free aldehyde is obtained. 

The union with sodium hydrogen sulphite takes place in accordance 

with the following equation : 

/OH 
CH3.CHO + SOaNaH = CHg.CHC^ 

NSOjNa 

Sodium-a-oxyethyl sulphonate 

This reaction may also be used for the purification of aldehydes, 
since when a concentrated solution of the sulphite is employed, the 
double compound generally separates out in a crystallised condition. 
The free aldehydes can be obtained from the sulphite compounds by 
heating with dilute acids or alkali carbonates. (Compare benzalde- 
hyde.) 

Experiment : Treat 5 c.c. of a cooled concentrated solution ol 
sodium hydrogen sulphite with i c.c. of aldehyde and shake the 
mixture. The double compound separates out in a crystallised 

condition. 
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metaldehyde, is formed; this can also be converted back into the ordi- 
nary variety. 

The aldehydes undergo a wholly different kind of polymerisation 
under certain conditions, concerning which reference must be made to 
the chemical literature and treatises. For example, two molecules of 
acetaldehyde can unite with the formation of a compound in which a 
new carbon union is present. 

CH3.CHO + CH3.CHO = CH3.CH(OH).CH,.CHO 

Aldol 

This compound, as distinguished from paraldehyde and metaldehyde, 
is a true aldehyde, in that it cannot be converted back to acetalde 
hyde. Aldol loses water easily, and is converted into an unsaturated 
aldehyde : 

CH3 . CH(OH) . CHg . CHO = CH3 . CH=CH . CHO + H,0 

Crotonaldekyde 

In connection with these condensations, it may be pointed out that 
many aldehydes, when heated with alkalies, polymerise to resinous 
products of high molecular weight (aldehyde resins). 

Experiment : Treat a few cubic centimetres of caustic potash 
solution with several drops of aldehyde, and warm. A yellow 
colouration takes place with the separation of a resinous mass. 

In order, finally, to represent the great activity of the aldehydes, the 

following equations are given : 

CH3.CHO + PCI5 



CH,.CHO + NHn.OH 



= CH3.CHCl8 + POCI, 

Ethylidene chloride 

= CH3 . CHziNOH + H,0 

Aldoxime 



CH3 . CHO + NH2 . NH . CgHfi = CHg.CH^iN . NH . QHjj + H/) 

Phenylhydrazine Hydrazone of aldehyde 

.OC2H4 

CH, . CHO 4- 2 C,H^ . OH = CHg . CH< + H,0 



'2**5' 



X)C2H, 



CH, . CHO + 2 C«H 



6**6 



Acetal, the ether of aldehyde- 
hydrate CHs . CH < 3h which does 
not exist in the free condition 

<CgH|j 
lAvVMnx^V «,\haae 
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W 9. SEACIIOH: FREPABATIOTT OF A PRIMARY ASUNB FROM AH 

ACID-AimilE OF THE NEXT HIGHER SERIES 

Example : Methyl Amine from Acetamide ' 

I To a mixture of 25 grammes of acetamide, which has been 
previously well pressed out on a. porous plate, and 70 grammes 
, (23 c.c.) of bromine contained in a ^-litre flask, add a solution of 
' 40 grammes of caustic potash in 350 c.c. of water (the flask is well 
cooled with water), until the brownish red colour formed at first is 
, changed to a bright yellow, for which the greater portion of the 
; potash solution will be required. This reaction-mixture is then, 
I in the course of a few minutes, allowed to flow from a dropping 
I funnel in a continuous stream into a litre flask containing a solution 
: of 80 grammes of caustic potash in 150 c.c. of water heated to 
70-75°. In case the temperature rises higher than 75", the flask 
' must be cooled by immersion for a short time in cold water. The 
liquid is maintained at this temperature until it becomes colourless, 
which usually requires a quarter to half hour. The methyl amine 
is then distilled off with steam, and coUected in a receiver contain- 
ing a mixture of 60 grammes of concentrated hydrochloric acid 
and 40 grammes of water. In order that the methyl amine may 
be completely absorbed by the acid, the end of the condenser is 
connected with an adapter which dips i cm. below the surface of 
the liquid in the receiver. If a coil condenser is employed, the 
end of it dips directly into the acid. As soon as the liquid in the 
condenser no longer shows an alkaline reaction, the distillation is 
discontinued. The methyl amine hydrochloride is partially evapo- 
rated in a porcelain dish over a free flame, then to dryness on the 
water-bath, and is finally heated for a short time in an air-bath at 
100° to dusty dryness. In order to separate the methyl amine 
salt from the ammonium chloride mixed with it, the finely pul- 
verised substance is crystallised from absolute alcohol, and the 
crystals separating out dried in a desiccator. Yield, varying. 
Si 763; B. 17, 14136 and 1930. 
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Under the discnsBiaii of acid-amides^ it has already been mesdoi 
that the hydrogen of the amido gnxip (NHs) can be sobsdtnted 
bromine. If a to % sohitiaa of caosdc potash is added to a nil 
of one molecnie of the amide and one moiecnie of bromine, imtO 
bcown£^ red colour oi the latter has vanshed, a nuwobtooBmid 
formed* f-gi* in the above case, aoetmonobromamide in accoid 
with this equation : 

CH3.CO. NHt H- Brj-h KOH = CH,.CO.NHBr + KBr+H 

The monobromamide may be isolated in pore concfition in the 
of cokxiriess* hydrous crystab. If hydrobromic add is abstn 
no water being preseit. the poadoa of the carbonyl group (0 
dianged» and an ester c€ isocyanic adds formed: 

CH, . CONHBr = CH, . NzzCO + HBr 

If die attempt is made to eliminate h ydr o br omic add in die pn 
of water by the use of caustic potash sotntHm^ the above reaction 
place* but the isocyanate is unstable in the presence of alkalie 
decomposes immediately by taking up the water forming carbon d 
and a primary amine : 

CH,. NCO -h HjO = COa + CHj.NHj 

The two reactions may also be ^mply exjn^ssed as follows : 
CHj . CO . NH. -r O = CH, . NHj + CO, 

Bromine ->- 
alkali 

This reaction* discovered by A. W. Hofinann. is* thorefore* in 
phase, identical with the historicil reaction of Wortz. which l€ 
in 1S4S* to the discovery of the primary amines. 

The Ho6nann reaction is capable of general application. By 
it* the primary amine of the next lower series may be obtaine 
anv acid-amide* since the elimination of carbon dioxide takes 
With the highar m^nbers of the series* the reaction in part procei 
fiirther, since the bromine acts upon the {primary amine to form a 

QHis.CH^- NH^-r Br^-h ^NaOH = OH^.C=N + 4NaBr + 

Octyl amine Oc tDuicri le 

Thore is thus obtained from the higher members (compounds 

five or more carbon atoms) of the amides* first the primary ami 

secondlv, the nitrile of the next lower add. In the aromatic sei 

reaction for the preparation of primary amines, wfaidi contain thi 

graap in the benzene ring* \s not oi ^sacni \sifiQQrtanGe, sine 
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obtained from the easily accessible nitro-compounds ; and 
1 the other hand, if the above reaction is employed, bromine 
tion products are easily formed. But in those cases in which 
>-compound corresponding to the amine is not known, or can 
ared only with diflSculty, the reaction is also of importance in 
latic series. Two cases of this kind may be mentioned in this 
If phenyl acetamide is treated in accordance with HofmannY 
, there is formed in the usual way benzyl amine : 

CgH^ . CH3 . CO . NHa + O = CJtl^ . CHg . NHj + COj 

Phenyl acetamide Benzyl amine 

, the reaction is of practical value in the preparation of o-amido- 
add, used in the manufacture of artificial indigo. If, as above, 
t and caustic potash are allowed to act on phthalimide (techni- 
eaching powder is used), there Is first formed, by the addition 
, an add-amide : 

•CO . NH, 



<COv yCi 

J>NH + H,0 = CeH/ 



.CO . OH 

I accordance with the following reactions gives the amido-add. 

•CO . NHj yCO . NHBr 

CeH/ +Brj = C^H^ + HBr 

\CO . OH \C0 . OH 

•CO . NHBr •N=C=:0 

CeH^ =QH/ +HBr 

\CO . OH \CO . OH 

•NzzCizO yNH. 

CeH^ + H,0 = CeH / + CO, 

XCO . OH \CO . OH 

le nitro-add correspondiiig to the o-amido benzoic add is dif- 

t obtain, and phthalimide is easily prepared (naphthalene is 

[ to pbthalic anhydride by oxidation, and when this is treated 

monia, phthalimide is formed with the separation of water), the 

n reaction in this case gives a very convenient method of prep- 

for the amido-add. 

uy aliphatic amines can also be prepared according to the fol- 

equations : 

3>y the action of alcoholic ammonia on halogen alkyls : 

CH^ + XH, = CH5. NH, + HI 

SUM^ seooodaiy and tertiafy bases, or tbe cxxna^ 
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(2) From alcohols and zinc chloride-ammonia : 

C2H5.OH + NHg = CgH^-NH, + H,0 

(3) By the reduction of nitriles (Mendius^ reaction) : 

CH3.CN + 2H2 = CHg.CHj.NHj 

(4) By the reduction of mtro-<:ompounds : 

CHg.NOa + 3 Ha = CHg.NH, + 2H,0 

(5) By the reduction of oximes and hydrazones : 

CH3.CH=N.0H + 2H2 = CHg.CHj.NH, + H,0 

Acetaldoxime 

CH3.CH=N - NH.CgHg + 2 Hg = CH3.CHa.NHj + C^jHj.NH, 

Ethylidene phenyl hydrazone Anfline 

The lowest members of the amines in the free condition are gaseoo 
compounds soluble in water, possessing odours suggestive of. ammonia: 
they differ from ammonia in being inflammable. 

Experiment : Treat some solid methyl amine hydrochloride in 
a small test-tube with a concentrated solution of caustic potash, or 
caustic soda, and warm gently. A gas, smelling like ammonia, is 
evolved, which burns with a pale flame. 

The higher members are liquids or insoluble solids. Since they are 
derivatives of ammonia, they possess basic properties, and, like ammo- 
nia, unite with acids to form salts, the composition of which is analo- 
gous to that of the ammonium compounds : 

NH3 . HCl — >• CH3 . NH2 . HCl 
(NHp)2PtCl4 — ^(CHg.NHa.HCOaPtCl^ 
NH4CI, AUCI3 — ^CH3.NH2.HC1, AUCI3 

The hydrochlorides of organic bases are distinguished from ammonium 
chloride by their solubility in absolute alcohol. Use was made of this 
property above. 

The numerous reactions of the primary amines need not be men- 
tioned here, since, under the aromatic amines, frequent reference will 
be made to them. At this place, one diff*erence between the aromatic 
and aliphatic amines will be pomled om\.. If nitrous add is allowed to 
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net on an aliphatic primary amioe, an alcohol is formed with evoluti 
nitrogen: CH3.NH, + NOOH = CHj.OH + Nj + Hp 
•while, under these conditions, an aromatic amine is converted ii 
■Uazo-compouad (see Diazo-com pounds). 



Example: Acetacetic Ester from Acetic Ester and Sodium' 

For the successful preparation of acetacetic ester, the character 
of the acetic ester used is of great importance, since, if it is com- 
pletely free from alcohol, it will be attacked very slowly by sodium, 
even on heating ; if, on the other hand, it contains loo much alco- 
hol, the sodium acts easily, but the yield of the product is varying 
and usually small. According to the experiments of the author, 
the followmg method of procedure gives a good yield and is one 
that does not fail. 

Purification of Acetic Ester: The acetic ester prepared accord- 
ing to Reaction 6, even after it has been freed from acetic acid 
and alcohol by shaking with sodium carbonate and calcium chloride 
respectively, dried over calcium chloride, and finally rectified, is 
not suitable for this preparation, since it reacts too violently with 
sodium. But if it is allowed to stand, after distillitig, for some 
hours, over night at least, in a well-closed flask, over about \ Its 
volume of granulated calcium chloride, and is then filtered, it may 
be used for the successful preparation of acetacetic ester. 

If commercial acetic ester is to be used, it must be shaken with 
a sodium carbonate solution, as described on page 157, treated 
with calcium chloride solution, etc. ; in short, it is treated as the 
crude product obtained in the preparation of acetic ester. Ob- 
viously; it is also necessary to allow it to stand over night in 
contact with calcium chloride, after the distillation. 

The yield of acetacetic ester may be further increased if the 
acetic ester, after being filtered from the calcium chloride, is again 
distilled, care being taken to prevent the absorption of moisture. 
All parts of the apparatus must be perfectly dried, awd \.Ke e-tA ci 
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^^^V the condenscT tube must be coDuected to the receiver (sui 
^^^V flask) by a good cork. 

^^^H Preparation of Acetaietic Esler : 25 grammes of sodium 

^^H which the outside layers have been removed are cut with the % 

^^f of a sodium knife (Fig. 89) into pieces as tbio as possible, a 

placed in a dry litre-flask. After this is connected with a 

reSux condenser, inclined at an oblique angle, 250 grammes 1 

dried acetic ester is poured into the top of the condenser, b; 

■ tutmel which must not be attached to the condenser, but 
held in the hand, so that the air may escape. If the acetic e 
is added properly, no violent ebullition will occur, but at fir- 
gradual, gentle boiling. After 10 minutes, the flask is placed C 
a previously heated water-bath, the temperature of which is \ 
regulated that the acetic ester boils but gently ; the reactia 
mixture is heated until all the sodium is dissolved, which 11 
require from 3-4 hours. To the warm liquid is added a 
of 80 grammes of glacial acetic acid and Zo grammes of n 
until it just shows an acid reaction. If a thick, porridge-lil 
mass should separate out, this is again dissolved by vif 
shaking, or carefully breaking up the small lumps with a 
rod. To the liquid is then added an equal volume of a 
saturated solution of sodium chloride, and the lower aqueous lajw 
is separated from the upper one, consisting of s 
^K acetacetic ester, by allowing it to run off from a dropping furuu 
^^H Should a precipitate settle out on the addition of the salt solutia 
^^H it is dissolved by adding some water. To separate the acetaced 
^^ ester from the main portion of the excess of the acetic ester u! 
the mixture is distilled from a flask, heated by a free flame 
a wire gauze, or, more conveniently, without the wire gauze, with 
luminous flame. As soon as the thermometer indicates 5 
heating is discontinued, and the residue is subjected to vacuan 
distillation, as described on page 25. In place of the usual c 
denser, the outside jacket of a Liebig condenser is pushed c 
the long side-tnbe of the distillation flask, and water is alloi 
to circulate through it. The heating is don& in an air-b 
^^ AfteismziX quantities of acetic ester, '«aJ.ex,a.tii ^i^wic. acid h 
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, passed over, the temperature beconies constftnt, and the main 
portion of the acetacetic ester distils over within one degree 
The following table gives the boiling-)K>ints at various pressures. 
A reference to this will show at what appioximatc points the col- 
lection of the preparation should begin : 
K BoOiiig-point 71° at 11.5 mm. pressure. 

W_ 74° " >4 " 

^^m roo° " 80 

^^^^ ^eld of acetacetic ester amounts to 55-60 grammes. 

^Hrtn the preparation of this substance, it must be borne in mind 
that the experiment must be completed in one day. The opera- 
tion should be begun in the morning, the acetic ester heated with 
sodium at midday, and the experiment completed in the afternoon. 
If the reaction is discontinued at any point, and the unfinished 
preparation allowed to stand over night, the yield is materjalty 
diminished. 

The formation of acetacetic ester from acetic ester, discovereil \iy 
Geuther in 1863, takes place in accordance with the following equation : 



CH3 . CO |OCaH, + H.| CH J . CO . OCjHj 

= CH,.CO.CH,.COOC,H, + C,H..OH 



But the mechanism of the reaction is much more complicated than 
here indicated. According to the views of Claisen, the sodium first 
acts on the alcohol, which, as above mentioned, must be present in 
small quantities, forming sodium alcoholate, and this unites with the 
acetic ester as follows : 

>OCaH, 
CHj.CO-OCjH, + C^H^.ONa = CHj.Ce-OC,H, 
NONa 
Reaction then takes place between this addition product and a second 
molecule of acetic ester, with the elimination of Ivvd molecules of alcohol, 
and the formation of the sodium salt of the acetacelu tbtec '. 
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CHg.c^l oc^ivnjj 



CO . OCaHj 



ONa 



c CH3 .CzzCH . CO . 0C^5 + a C^, 

ONa 
On acidif3ring with acetic acid, the sodium salt is decomposed fn& 
the formation of the free ester, CHg.CzzCH.CO.OCjH, (enolfona)» 

in 

which spontaneously changes into the desmotropic form (ketofonD)A 

CH3 . CO . CH, . CO . OCjH,. 

In the form indicated above, the reaction is not capable of geneni 
application ; but a reaction closely related to it, discovered by Claisa 
and W. Wislicenus, is of general applicability, and is of great vahe h 
synthetical operations; for this reason it will be briefly mentioned 
here. If sodium alcoholate is allowed to act on a mixture of the esten 
of two monobasic acids, a ketone acid-ester, having a constitution aoat 
ogous to that of acetacetic ester, is formed by the action of the sodium 
alcoholate on one of the esters with the elimination of alcohol^ e^, : 



3* 



liCO 



J 



CgHfi . CO lOCgHg + H| CHa . COOCgH^ 

Benzoic ester Acetic ester 

= CgH^.CO.CHa.CO.OCaH, + QH^.OH 

Benzoyl acetic ester 

If one of the compounds is formic ester, esters of aldehyde-acids will 
be obtained, e.g. : 



H.CO. 



OC^Hg + Hi CHa.CO.OCaHg = H.CO.CHg.CO.OC^, 

Acetic ester 



Formic ester Acetic ester Formyl acetic ester 

If one molecule of a dibasic ester is used, a ketone dicarbonic add 

ester will be formed, e.g. : 



CO. OCoH, H 



+ 



CO.OCoH 



2**5 

Oxalic ester 



.CH2.CO.OC2H5 CO.CH2.CO.OC2H3 

= I +CaH5.0H 

CO. 



Acetic ester 



OCjH, 

Oxalacetic ester 



In place of the acid-ester in the above reaction, which is susceptible 
of many combinations, a ketone may be used ; a ketone acid-ester is 
not formed, it is true, but polyketones, or ketone-aldehydes : 



CH«.CO OCoH^ + H CH,.CO.CH 



Acetic ester 



Acetone 






^ B, 31, 20s f and 601. 
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^f^.-COlOC-H. + H, 



BcnMoiccM sCaH^.CO.CHg.CO.CHg + CjH^.OH 

Benzoylacetone 



^.CO. [OCaHg + H .[ CHa . CO . CgH^ 



Fonnic ester Acetophenone 

= 0=CH . CH, . CO . CgH^ + CjHa . OH 

Benzoylaldehyde 

These few examples are sufficient to show the many-sided applica- 
tions of the above reaction. 

The most remarkable characteristic of acetacetic ester is that a portion 
of its hydrogen may be substituted by metals. If sodium is allowed to 
act on it, the sodium salt is formed with the elimination of hydrogen : 

CHj.CO.CHH.CO.OCgH^ + Na = CHg.CO.CHNa.CO.OCaH^ + H 

The same salt is also formed by shaking the ester with a solution of 
sodium hydroxide. The reason for this phenomenon is to be sought 
in the acidifying influence of the two neighbouring carbonyl (CO) 
groups. 

The synthetical importance of acetacetic ester depends on the fact 
that the most various organic halogen substitution products react with 
sodium acetacetic ester, the halogen uniting with the sodium, with the 
condensation of the two remaining residues. Thus a large number of 
compounds may be built up from their constituents. A few typical 
examples may elucidate these statements : 

(1) CHg . CO . CHNa . COOCgH^ + ICH3 

= CH3. CO . CH . CO . OC2H5 + Nal 

CH3 

Methylacetacetic ester 

(2) CHg . CO . CHNa . CO . OCgH, + CgH, . CO . CI 

Benzoyl chloride 

= CH3 . CO . CH - CO . OC2H5 + NaCl 

I 
CO 



,!, 



6^* 

Benzoylacetacetic ester 

(3) CHg . CO . CHNa . COOCgH^ + CI . CHj . CO . OCgH^ = 

Chloracetic ester 

CH3 . CO . CH . CO . OC2H5 

CH, + NaCL 
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In the compounds thus obtained the second methylene hydrogen 
atom is also replaceable by sodium, and this salt is likewise capable of 
entering into similar reactions, by which the number of derivatives b 
largely increased, e.g. : 

CH3 . CO . C . Na - CO . OCjHg + ICgH^ = CH, . CO . C— CO . OCjHj+NaL 



CH3 CjHi 



CH3 v^xij v.2<-X5 

Sodiummethylacetacetic ester Methylethylacetaoetic ester 

From all these compounds simpler ones may be obtained on saponi- 
fication. The acetacetic ester breaks up in one of two ways, depend- 
ing upon the conditions of the saponification : 



Cxig • CO • Crio • 



CO.OCaH^+HOH = CHj.CO.CHs+COj+CjHj.OH I 

Acetone 



CH,.CO. 



CH2.CO.OC,H5 4- 2HOH = 2CH3,.CO.OH + C^^.OH. ^ 

Acetic acid 



The first kind of decomposition is called " ketone decomposition," 
the second, "acid decomposition." Since, as shown above, either one 
or both of the methylene hydrogen atoms in acetacetic ester can be 
replaced by different radicals, X or Y, these substances yield either 
mono- or di- substituted acetones : 

X.CH2.CO.CH3 and ^H.CO.CH, 

as well as mono- and di- substituted acetic acids, 

X^ 



'\:h. 



X.CH2.CO.OH and ^H.CO.OH. 

The variety of the acetacetic ester syntheses is still further increased 
by the fact that two molectdes of the ester, by reaction with aldehydes 
or alkylene bromides, may be united with one another by the most 

various bivalent radicals. 

According to recent researches of K. H. Meyer * and Knorr* espe- 
cially, the optical behaviour of ordinary acetacetic ester indicates that 
it consists of a mixture of the ketoform mainly, with a small quantity 
of the enolform (/J-oxycrotonic ester), these two being in a state of 



J A, 280, 212. * B, 4A. "38. 
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jMB^tiilibrium. When the mixture is coaled with solid carbon dioxide 
3.iid ether to - 78'', the pure ketofonn crystallises out. When the dry 
Sodium sail of acetacelic ester is decomposed at a low temperature w 
«Jry hydrogen chloride, pure enolforra is obtained which does 1 
Solidify at — 78", It readily reacts with ferric chloride and is coloured 
red. The ketoform does not behave in this manner. It is true that 
the latter may also give the red colouration on standing for a short or 
a longer period ; this, however, is due to the enoiform produced in th< 
reaction mixture. The two forms are converted one into the other a; 
ordinary temperatures, the final product being the •' equilibrium acetii 
ester" mentioned above. 

The sodium salt of acetacetic ester is also derived, according to its 
optical behaviour, from the enoiform. The transpositions mentioned 
above are brought about by the action of methyl iodide. A double 
compound is first formed, with a subsequent decomposition into sodium 
halide. 



I 



(a) CHj . C = CH . COOC^jHj + ICH^ = CH., . C— CH . COOC,H, 

ONa dNal CHj 

\a) CH3 . C CH . COOC5H, = CH. . CO . CH . COOC JI. + Nal 

' Z\ I I 

|Na 1| CHj CH| 



» Example : Butyric Acid from Acetic Acid 

(a) Preparation of Malonic Esler* 

Dissolve 50 grammes of chloracetic acid in 100 gramines of 
water; warm gently {about 50"), and neutralise with solid, dry, 
potassium carbonate, for which 30-40 grammes will be required. 
The solution is then heated gradually, with thorough stirring, while 
40 grammes of pure, finely pulverised potassium cyanide are added. 
(Use a sand-bath or asbestos plate, under Ike hood.) The forma- 
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tion of cyanacctic acid takes placCj with vigorous ebullition. Whei 
the reaction is complete, the mixture is evaporated as quickly as 
the sand-bath until a thermometer placed in thevi* 
coua brownish salt indicates 135°, Since the substance "bumps" 
and spatters during the evaporation, it is constantly stirred wilt 
the thermometer, the hand being protected by a glove or cloth. 
It is allowed to cool, the stirring being continued during the cod- 
ing, otherwise the product bakes into a hard, scarcely pulverisaUt 
mass. It is then quickly powdered as finely as possible, placed in 
I * i^-Iitre flask provided with a reflux condenser, and treated witli 
I 20 c.c. of absolute alcohol. A cooled mixture of 80 c.c. of absolute 
alcohol and 80 c.c. of concentrated sulphuric acid is then added 
gradually, with good shaking, through the condenser tube. The 
pasty mass is now heated, with frequent shaking, two hours in 
a water-bath (hood) ; it is then well cooled, and treated nilh 1 
c.c. of water (shaking). After the undissolved salt has been filiei 
off with suction, it is washed on the filter several times with elh 
The filtrate, consisting of the water solution and the ether wa; 
ings, is then carefully extracted with a sufficiently large quantity 
of ether. The ethereal extract is shaken up in a separating funnel 
with a concentrated solution of sodium carbonate until it no loo 
shows an acid reaction. ( Owin,^ to the copious evolution of gas 
funnel is not closed at first^ It is then dried over fiised GlauW 
salt, and after the evaporation of the ether, distilled. Boilinj 
point, 195°. Yield, 45-50 grammes. 

The compound may also be advantageously dried, mthout 
use of Glauber's salt, by evaporating off the ether, and heat 
the residue about a quarter hour in a vacuum on a water-badl 
(Compare page 55.) 

(b) The Introduction of an Ethyl Group 
I Dissolve 2.3 grammes of sodium in 25 grammes of absoli 
alcohol in a small flask connected with a reflux condenser; tn 
the cooled solution gradually with 16 grammes malonic ester, 
the transparent crystals of sodium ethylate separating out at fir 
^pass ovti ioto a voluminous past^ mass ot ^cw^uva malonic estCTf 
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and then, with shaking, add through the condenser 20 grammes 
cjf ethyl iodide in small portions. The mixture is then heated on 
"the water-bath until the liquid no longer shows an alkaline reac- 
tion, for which one or two hours may be necessary. The alcohol 
is then distilled off on an actively boiling water-bath, a thread being 
placed in the flask to facilitate the boiling ; the residue is taken 
up with water and extracted with ether, the ether evaporated, and 
the residue distilled. Boiling-point, 206-208°. Yield, about 15 
grammes. 

(c) Saponification of Ethyl Ma Ionic Ester 

For the saponification of the ester, a concentrated solution of 
caustic potash is prepared ; for every gramme of the ester, a 
solution of 1.25 grammes potassium hydroxide in i gramme of 
water is used. The cooled solution is placed in a flask provided 
with a reflux condenser ; through this the ester is gradually added ; 
an emulsion is first formed, which soon solidifies to a white solid 
mass, probably potassium ethylmalonic ester. On heating the mix- 
ture on a water-bath a sudden energetic boiling-up sets in, especiaUy 
if the flask be shaken. The heat generated in the reaction causes 
the alcohol, liberated in the saponification, to boil. After about 
an hour's heating on the water-bath, the oily layer disappears, 
showing that the saponification is complete. 

The free ethyl malonic acid may be obtained by following either 
of the methods given below : 

(i) The solution is diluted with \\ times the volume of water 
previously used to dissolve the caustic potash. To this is added, 
gradually, with cooling, a quantity of concentrated hydrochloric 
acid equivalent to the total amount of caustic potash used (the 
strength of the acid is determined by a hydrometer). The ethyl- 
malonic acid liberated is taken up with not too little ether, the 
ethereal solution dried over anhydrous Glauber's salt, the ether 
evaporated, and the residue heated, with stirring, on a water-bath, 
in a large watch crystal or dish, until it begins to solidify. After 
cooling, it is pressed out on a drying plate and crystallised from 
benzene. Melting-point, 111.5°. Yield, about 7 grammes. 
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(2) The solution is diluted with the same volume of water pre- 
viously used to dissolve the caustic potash. To this is added 
carefully and with cooling concentrated hydrochloric acid, until an 
acid reaction may just be detected. The ethyl malonic acid is 
precipitated out in the form of its difficultly soluble calcium salt, 
by the addition of a cold solution of calcium chloride, as concen- 
trated as possible. This is filtered off, well pressed on a porous 
plate, and the ethyl malonic acid liberated by treating carefully 
with concentrated hydrochloric acid is obtained pure as in (i). 

(d) Elimination of Carbon Dioxide from Ethyl Malonic Acid 

The ethyl malonic acid is placed in a small fractionating flask 
provided with a long condensing tube supported in an oil-bath at 
an oblique angle, so that its outlet tube is inclined upward. The 
mouth is closed by a cork bearing a thermometer. The acid is 
heated at 180°, until carbon dioxide is no, longer evolved, which 
will require about a half-hour. The residue is distilled from the 
same flask in the usual way ; the butyric acid passes over between 
162-163°. Yield, about 80-90% of the theory. 

{a) In the first phase of the reaction which gives ethylmalonic ester, 
the potassium cyanide acts on the chloracetic acid, or on its potassioni 
salt, with the formation of cyanacetic acid : 

CH2Cl.CO.OH4-KCN = CH2.CN.CO.OH + Ka 

Cyanacetic acid 

As already mentioned in the preparation of acetonitrile, a halogen 
united with aliphatic residues may generally be replaced by the cyanogen 
group, on heating with potassium or silver cyanide. If alcohol and 
sulphuric acid or ethylsulphuric acid are now allowed to act on the 
cyanacetic acid, three reactions take place. At first there is an esterifi- 
':ation in accordance with the equation : 

CH2. CN . CO. OH + C2H5 . OH = CHg. CN . CO . OCgHj -h HgO 

Cyanacetic ester 

Under the discussion of acetic ester, it has already been brought 
forward that, in general, acid esters can be obtained by treating a mix- 
ture of the aJcohol and acid wilVi sw\pVvMi\c 2tcxd, In. the second place, 
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(jyy The ester of 3ssJnafic an^ 2i* 5i::»r^^£rj: ef.-r. rctssess^ 
;>ropertj in vinnc rd- r'^ ^ot :.c -±1*: *:▼:: zjei'i-^tij' z}±r:*Ltz. ir.^-z:^ 
22txk be replaced bj «»=:- Ll 'j-jzi^^rj-Jtr^vt :f trr Sii* pr.-^7»rn:^> -=^' 
parted by the two 2ezr.'v:r:ri^^ :2rt»:cyl CI- £r-?--;r?. "VVber '-*^ 
sodium compoand s tr*2:i*?f wfth rrrs^'c bil::5e*i. lie SLCTil hs-ice^ 
halogen d eri v ati ves oE arid-ticers- *rif-c^:>r:d-es. e^c. :be 5.;>i"-=3 i* 
replaced by alky] residjes- ^dc r»*ic jes. etc. 7:15: as := the ca5.t c»: '^'^ 



closely related 



Iz. th^ 2."rove-3eniio-ec rvar^p-*^^ 



:he 



sodium salt of the wtalfwrif ester is £rs: formed £ro33 sodium alco^^^^^'^ 
and the ester: 



CO-OC^H, 

I 



co.cxrjf, 

I 



CH H - CJl-.O Xa = CHXa 

I '- I 

co.oc^, co.oc^. 

Ethyl iodide reacts on this as follows : 

CO.CXr^H, CO.OCH^ 

I . . I 



+ C^f .OH 



CH |Na + I| C^, =CH.Cyi, + ^tl 



Uso 



CO.OCjH, CO.OCoH, 

Ethyhnaloniidieihyl cter ,^, ^., 

As in acetacetic ester, the second hydrogen of the malonic e»JJ^^^,^ 
o be replaced by sodium ; consequentiv thi. .«.i-^:^ ^atcr »* *-***^ 



can 



»nsequentiy the malonic c»tor 



I90 SPEaAL PART 

of reacting a second time with organic halides, so that disubsti 
malonic esters can also be prepared. 

(c) The compounds thus obtained of the general formulae : 

CO.OC2H5 CO.OCoH. 

i ■ I /^ 

CH-X and C< 

1 I \Y 

CO.OCgHa CO.OC2H5 

are distinguished from the corresponding derivatives of acetacetii 

in that on saponification they do not decompose, but yield tl: 

substituted malonic acids. Thus, the ethylmalonicdiethyl ester 

with caustic potash as follows : 

CO.OCoH. KOH CO. OK 

I J, 

CH . C2H5 + = CH . CjH, + 2 C2H3 . CH 

CO.OC.,H, KOH CO. OK 

(d) From the substituted malonic acid thus obtained, deri 
of acetic acid may be prepared by heating it to a high tempt 
It is a general law that one carbon atom cannot hold two c 
groups in combination at high temperatures, since carbon diox 
be eliminated from one. By this means, a dicarbonic acid is co 
into a monocarbonic acid, e.g. : 

H 

CHs 



CO.O 



CH2 =1 +CO2 

I CO. OH 

CO. OH 

From the mono- or di- substituted malonic acid a substitute! 

acid is obtained of the formula, 

CHo.X CH< 

I - or I \y 
CO. OH CO. OH 

Thus from ethylmalonic acid, there is fortned ethylacetic 
butyric acid. If, instead of ethyl iodide, methyl or propyl 
is used, proprionic acid or valerianic acid respectively is oi 
If two methyl groups are introduced into malonic ester, tl 
decomposition, a dimethylacetic or isobutyric acid will be forme 

As shown above, similar acids may be prepared from the ac 
ester. Since the decomposition of the acetacetic ester derivatii 
take place in two different ways (acid- and ketone-decompo 
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^^™fl ^nce these decompositions frequently take place side by side, while 
"*e malonic acid derivatives decompose in only one way. so in most 
^^^^es it is more advantageous to use the malonic ester for the synthesis 
*-*f the homologous fatty acids. 

1A. BEACIIOIT: PREPARATIOB OP A HYDROCARBON OF THE 
^^- ETHYLENE SERIES BY THE ELIMINATION OF WATER FROU AN 
^^L ALCOHOL. COUBINATIOK OP THE HYDKOCARSON WITH BROHINE 

I 

' tratt 



I Example: Ethylene from Ethyl Alcohol. Ethylene Bromide ' 

(a) from Ethyl Alcohol and Sulplmric Acid 



[A mixture of 25 grammes of alcohol, 150 grammes of concen- 
trated sulphuric acid, and 30 grammes of coarse-grained sea-sand 
(freed from fine particles) is heated, not too strong!y, in a litre 
round fiask on a sand-bath or a wire gauze covered with thin 
asbestos paper. As soon as an active evolution of ethylene takes 
place, add, through a dropping funnel, a mixture of i part alcobol 
and z parts concentrated sulphuric acid (made by pouring 150 
grammes of alcohol into 300 grammes of sulphuric acid, with con- 
stant stirring), slowly, so that a regular stream of gas is evolved. 
If the mixture in the flask foams badly with a separation of car- 
bon, it has been too slrongly heated, and it is advisable to empty 
the flask and begin the operation anew with a smaller flame. In 
order to free the ethyiene from alcohol, ether, and sulphur dioxide, 
it is passed through a wash-botde containing sulphuric acid, and a 
second one, provided with three tubulures, the centra! one sup- 
plied with a safety-tube, containing a dilute solution of caustic 
soda. It then enters two wash-bottles, each containing 25 ^-■•^- ^^ 
bromine, covered with a layer of water i cm. high. Since the 
combination of ethylene with bromine causes the evolution of heat, 
the bromine bottles are placed in thick-walled vessels filled 
with cold water. In order to get rid of the bromine vapours 
which escape from the last bottle, it is connected with the hood 
or with a flask containing a solution of caustic soda ; to prevent the 
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jsfic soda from being drawn back into the bromine bottle, il: 
delivery tube must not dip under the surface of the caustic sod 
and the stopper must be provided with canals cut in the sides 
As soon as the broraine is decolourised, which requires 4- 
hours under normal conditions, the operation is discontinue 
care being taken to disconnect all of the vessels immedialdy 




I 



t 



Fig. 67. 
otherwise, in consequence of the cooling of the lai^e flask, \ 
contents of the bottles will be drawn back. The ethylene broM 
is then washed repeatedly with water in a dropping fnnnel, s 
finally, with caustic soda solution. It is dried over caidt 
chloride, and, on distillation, is obtained perfectly pure, 
point, 130°. Yield, 125-150 grammes. 

The addition of the alcohol-sulphuric acid mixture is oftei( 
tended with difficidty, in that as soon as the cock is opened, the 
passes out through the funnel, ihus preventing the entrance of 
mixture. This difficulty may he obviated by taking the precauti 
of always keeping the stem of the funnel tilled with the mixtui«| 
Before the heating is begun, a portion of the mixture is placed in 
a porcelain dish, the end of the stem of the funnel immersed 
in it and filled by suction. The cock is then closed, the funnd 
placed in the cork of the generating flask, and the heat! 
begun. 



^separation of 
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(3) From Ethyl AUohol and Phosphoric Add 

Separation of carbon and foaming will be prevented in the 
C»reparation of ethylene when syrupy phosi)horic acid is used in 
C>iace of sulphuric acid. A 200 c.c. round flask, with a wide mouth, 
S-S provided with a three-hole cork. Through one hole passes a 
tliermometer extending to the bottom of the Hask, through the 
S«cond hole is inserted a dropping funnel ; the stem of the latter 
*S at least 3$ cm. long and is drawn to a fine point. The end of 
the stem is kept only a few millimetres below the stopper. Through 
•:he third hole passes a delivery tube, not too narrow, bent at right 
Sngles. The tube is attached with rubber to a Wolfe flask, pro- 
Xided with two tubulures flush with the stoppers. The flask is 
completely surrounded with broken ice. Then follow two wash- 
TxXtles surrounded with ice for bromine, and finally a flask con- 
taining a solution of sodium hydroxide, as in method (a). For 
the preparation of ethylene 120 grammes of syrupy phosphoric 
acid, sp. gr. 1.7-1.75, are placed in an open vessel and gradually 
heated. The acid is stirred with a thermometer. At 160° water 
begins to be given off. The heating is continued, until at 320° the 
evolution of vapour is very slight. The acid is somewhat cooled 
and poured into the flask. It is heated to 210-220° over an 
asbestos gauze ; at this temperature ordinary alcohol is allowed to 
run into the flask, drop by drop, from the funnel, the steam of 
which should have been previously filled with akohol, as in method 
(a). A steady cnrrent of ethylene is thus evolved. The decolouri- 
sation of bromine requires 3j-4j hours. The crude product is 
purified as in method (a). 

The hydrocarbons of the ethylene series may be prepared, in general, 
by abstracting water from the correspondiag alcohol, e.g. : 

CHj . CHj . OH = CHjZiCH, -H H,0 

If sulphuric acid or phosphoric acid is used as the dehydrating agent, 
the reaction does not follow the above equation, but ethyl sulphuric acid 
or ethylphosphoric acid is first formed, and this, on heating, yields sul- 
phuric add or phosphoric add. 
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C2H, 1 Uto 



CjH^. OH + ^j = ^2 + H,0 

X)H X)H 

Ethylsulphnric add 
yOCaH, X)H 

^2 = CjH^ + :^a • 

\)H NdH 

In many cases the elimination of water takes place so easily tha& 
the use of concentrated sulphuric acid is unnecessary, since the diluted 
acid answers the purpose. With the higher members of the series the 
reaction is complicated by the fsict that the simple alkylenes polymerise 
under the influence of sulphuric acid. Thus there is formed, besides 
butylene, Cfl^, hydrocarbons having respectively twice and three times 
its molecular weight, e.g. : 

CgHje Dibutylene 

C12H24 Tributylene 

In these cases it is much more convenient to prepare an ester from 
the alcohol by the action of the chloride of a higher fktty add, and 
subjecting this to distillation by which it is decomposed into an hydro- I 
carbon of the ethylene series and the free fatty acid, e.g, : 

^15^31 • CO • OCigHgg = C14H31 . CO . OH + CjgHgj 

Cetyl palmitate Palmitic acid Hexadecylene 

The first four members of the alkylene series are gases at ordinary 
temperatures, which burn with strongly luminous, smoky flames. The 
intermediate members are colourless liquids, not miscible with water, 
which can be distilled at ordinary pressures without decomposition; 
the higher members are solids, and can only be distilled without de- 
composition in a vacuum. Chemically these compounds are charac- 
terised primarily by the property of uniting with two univalent atoms, 
or a univalent atom and a univalent radical, upon which the double 
union is changed to single union. 

They take up, especially in the presence of platinum-black, two 
atoms of hydrogen, thus passing over to the hydrocarbons of the satu- 
rated series (paraffins) : 

CH2— CH2 4" H2 = CH3 — CHj* 
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*^y<irogen halides may also be added to tliem ; h)dtio(lic arid willi 
^ greatest ease, hydrobromic acid with less, and hydrochloric add 
Wy with difficuily: 

CH^CH. + HI = CH,.CH,I. 

Eihyl iodide 

I Tie homologues of ethylene also form addition producia ; the halo- 
n seeks thai carbon atom which is combined with the smallest 
nber of hydrogen atoms : 



The constituents of water (H and OH) may also be added Indirectly 
Q the alkylenes. If concentrated sulphuric acid be allowed to act on 
ajie of them, it dissolves, forming a sulphuric acid ester: 





CHpj:H 


/OH 
+ S0, 
\,H 


N)H 


If this 
Iphuric 


is boiled witii wate 
acid: 


■"■"-"■ 


s decomposed int 




/OC,H, /OH 
SOj +HOH =CjH,.OH + SO, , 
N)H \)H 



so that finally H and OH have been added to ethylene: 
CHg^CHg+H.OH ^CHa-CH^OH. 
Analogous to the halogen atoms, the hydroxyl (OH) group unites 
with that carbon atom holding in combinatioti the smallest number of 
hydrogen atoms. 

The alkylenes take up two atoms of chlorine or bromine with great 
ease: 

CHjizCHj + CI, = CH^a - CH^ 

CHj-CHj + Br, = CHjBr - CH,Br. 

Finally they combine directly with hypochlorouB acid to form giycol- 
chiorhydrines. 

The reactions taking place in the formation of the alkylenes as well 
as those in the formation of addition products are aoX. qy&'j v^v^sX^k 
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to the hydrocarbons but also to their substitution products. Tims, 
£.£-., unsaturated acids are commonly obtained from oxyadds by the 
elimination of water : 



CH2.OH.CH2.CO.OH 

^-hydroxypropionic acid 



QH^.CH.OH.CHj.CO.OH 

Phenyllactic add 



CH,=CH.CO.OH + Hfi 

Acxylicactd 

QH^.CHzzCH.CO.OH + Efi 

Cmnamic acid 



All compounds in which the ethylene condition is present show the 
addition phenomena, in accordance with the following equations : 



CH2=CH . CHjj . OH + Br, 

Allyl alcohol 

CH2=CH.CO.OH + Br, 

Acrylic acid 



CH^r - CHBr.CHj.OH 

Dibromhydrine 

CH,Br-CHBr.CO.OH 

Dibrcnnpropionic add 



C6H5.CH=CH.CO.OH + Br, sCeH^.CHBr- CHBr.CO.OH 

Cinnamic acid Dibromhydrocinnamic add 

QH^ . CH=:CH . CO . OH + HBr = CeH, . CHBr - CH, . CO . OH 

Bromhydrorinnamic add 



CgHg.CH — CH2 + Br, 

Styrene 



sCeH^.CHBr-CH^r, 

Styrene dflmmide 



C6H5.CH=CH.CO.OH+a.OH = CeH5.CH.OH.CHa.CO.OH 

Fhenylchloriacdc add 



CHg— CH.CO.OH + H, 

Acrylic acid 



CHyCHj.CO.OH. 

Propionic add 



13. REACTION : REPLACEMENT OF HALOGEN ATOMS BT ALCOHOLIC 

HYDROXYL GROUPS 

Example : Ethylene Alcohol (Glycol) from Ethylene Bromide 

(a) Conversion of Ethylene Bromide into Glycoldiacetate 



A mixture of 60 grammes ethylene bromide, 20 grammes glacial 
acetic acid, and 60 grammes oi ^t^^V^^ l>\^^^^ ^\i^\^ ^Mlverised 
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potassium acetate,' placed in a ^-litre, short-necked, round fl?sk, 
provided with a reflux condenser, is heated to active boiling for 
two hours on a sand-bath over a large flame. The reaction prod- 
uct is then distilled (with a condenser) over a large luminous 
flame kept in continuous motion. Toward the end of the distilla- 
tion the flame is gradually made non-luminous. The distillate is 
then further treated with 60 grammes ethylene bromide and 80 
grammes potassium acetate, and the mixture, as above, heated to 
active boiling for two to three hours on a sand-bath, The re- 
action product is then again distilled over (with a condenser) by 
a luminous flame. The distillate is fractioned — using a 10 cm. 
long Hempel tube. The fractions are collected as follows: 1. up 
to 140°; I. from 140-175"; 3. above 175°. Fractions 2 and 3 
are then again distilled separately. The pure glycoldi acetate 
goes over between 180-190°, the main portion at 186°. Yield, 
about 70 grammes. 

If it is desired to increase the yield, the portion going over 
under iSo" is heated for three hours longer with potassium acetate. 
The product is then treated as above described. This causes an 
increase of about 15 grammes. 



^^^P {&) Saponification of Glyeoidiacelate* 

Glycol diacetate is saponified by heating with a solution of hydro- 
chloric acid in iiiethyl alcohol. For this purpose a mixture of 
loo grammes ordinary methyl alcohol and a quantity of compact 
slaked lime (about one-third of the alcoholic volume) is heated 
for several hours on a water-bath to active boiling, in a flask at- 



1 Potassium acetate (Kalium acetici 
acetate (compare page 147), crystallist 
theless. for this experiment it must be heated to fusion over a free flame in an iroi 
or nickel dlsb. The melted salt is poured into a Ehollow, flat iron or copp«r dish 
in a thin layer. While still warm it is pulverised as finely as possible, and must b^ 
at once transferred to a bottle which is lo be kepi tightly closed. For this experi 
ment aoo grammes of the salt are fused. 

> A private method; by courtesy of Prof. Henry (LOwen). 
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tached to a reflux condenser. The dehydrated methyl alcohol is 
now distilled. It is then subjected to fractional distillation, and 
the portion distilling at 66-67® is collected separately. 44 
grammes of pure methyl alcohol are weighed in a small flask tared 
with its delivery tube. Gaseous hydrochloric acid is now passed 
into the alcohol with coohng under water, until a gain of i.i 
grammes is obtained. Should the increase in weight be more than 
this, a calculated quantity of pure methyl alcohol is added in order 
to obtain a 2^ % alcoholic solution of hydrochloric acid, which is 
the necessary strength. 

In a flask, provided with a reflux condenser, 45.1 grammes of 
the alcohoHc solution of hydrochloric acid, and 50 grammes of 
glycoldiacetate are heated on an actively boiling water-bath for 
half an hour. The reaction mixture is then quickly distilled from 
a water-bath with frequent shaking; methyl alcohol and methyl 
acetate will thus distil over, while glycol will remain in the flask 
with a small quantity of unsaponified ester. These cannot be 
separated from one another by distillation, as their boiling points 
are close together. But the thick liquid in the flask is shaken twice 
with an equal volume of dry ether, whereby glycoldiacetate is taken 
up, while glycol remains undissolved. The ethereal layer is re- 
moved, either by decantation, or by the use of a pipette. The gly- 
col is then poured into a small fractionating flask connected with a 
long condenser. During the distillation (heat slowly at first) a low- 
boiling fraction (to 100°) is first obtained, when the thermometer 
rises rapidly to 190°. The main portion of glycol distils over at 
195°. Yield about 80-90% of the theory (17-19 grammes). 

This preparation shows a method for replacing a halogen atom by 
an alcoholic hydroxyl group. In Reaction i the reverse replacemenl 
was brought about, — the substitution of a hydroxyl group by a halogen. 
This method is obviously only of importance in those cases in which it 
is more convenient to obtain the halogen derivative than the alco- 
hol. Among the monacid alcohols it is of value for preparing 
isopropyl alcohol, normal secondary butyl, and normal secondary hexyi 
alcohols. 
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In this resfccdi'i. i:!* ".trtai^ -lu-.riii* :. 1 r-TT.-: : ..••■• 

product. Tb* 3isi:t:ii a :r inr.r.riuni:* it .■■• .-■..-:■ 
alcohols .^.y^'.Ki .. *is:i*:=a.l' i-.r -!i» i-?: • . . 
gro'jps art c:»:i.iiiiiiJi vr.i .ut 'v. u: -.: - 
dibroniife? c:'jrr*:s;oiid:ur '«■: .ut.tt ii*:. .- ..--.- 
additzo:: of brinniitt \: -:iit r*:;- r^ir . : 
this ■sraj £":}':::». vat fiTr vrtr.AX'".'. ■ » 

QthfcT £:>c;:iii nji:' :»* .j:i:u;ii-r: : - - - ■ 

broTside it*: "r-*:!:!*:: vr.i r-:i- . - - 
formed, froz: viii!:i l i-i: •'- j — ■.•■:- 
bv the tiii'v* -*;H:nr.n:. 

If. 10 unsaturai*:^ ni'jii:--ii:..: 
broniint zii'jmj ik a:i>:L : ■ 
placing lilt iirnmiiit v::: : : 

Z:HjZ=CH.CK3r-li'- - '. ' .:. 



Froit -."lies* ^ra- 
e^'iuen". 

reai-.rj:- :•' 
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by two methods: (i) Directly in a single operation. (2) In two re- 
actions ; (a) by preparing an acid-ester of the desired alcohol, and 
(^ ) subjecting this to saponification. If method ( i ) be used, the halogen 
derivative is heated with water at the ordinary pressure, or if necessary, 
at an increased pressure. The same object is attained more quickly, 
and in many cases with a better yield, by the addition to the reaction- 
mixture of certain oxides, hydroxides, or carbonates. Silver oxide, lead 
hydroxide, barium hydroxide, potassium or sodium carbonate, and others 
may be used for this purpose. It appears to be true that a tertiaiy 
halogen atom reacts more easily than a secondary or primary, and that 
a secondary, more easily than a primary. By following this method, 
glycol may be obtained directly from ethylene bromide, if the latter be 
heated with water and potassium carbonate : 

CHjBr CHgCOH) 

I + K2CO3 4- H2O = I 4- COj + 2 KBr 

CHaBr CH2(0H) 

The separation of the glycol from the large excess of water used is 
troublesome. 

In accordance with method (2) certain salts, as silver, potassium, or 
sodium acetate are allowed to act on the halogen substitution product. 
This results in the formation of an ester of the desired alcohol : 

CHjBr CH2.OOC.CH3 

I +2CH3.COOK=| +2 KBr 

CHgBr CHg.OOC.CHg 

Glycoldiacetate 

The ester is then saponified under the proper conditions, upon which 
the free alcohol is obtained : 

CH2 . OOC . CHg CHgCOH) 

I +2HC1= I +2CH8.CO.a. 

CH2 . OOC . CH3 CHjCOH) 

The acetyl chloride reacts with methyl alcohol forming methyl acetate 
with the liberation of a fresh quantity of hydrochloric acid. Glycol is a 
thick, colourless, odourless liquid, boiling at 195*^; it melts at 11. 5° after 
having been solidified by low temperature. Like all poly-acid alcohols? 
it has a sweet taste. It is easily soluble in water and in alcohol, but not 
in ether. Chemically it differs only from the mono-add alcohols in its 
ability to form mono- or di- derivatives according to the conditions : 

CH2 . ONa CH2 . ONa CHg . OOC . CHg CHg . OOC . CH, 
/ and 1 *, \ ^Tvd V 
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Both hydroxyl groups are replaced by the action of phosphorus penta 
chloride : 

.CHcCOH) CHg.Cl 

I +2 PCI, = 1 +2 POCI3 + 2 HCl 

CHaCOH) CH2.CI 

But if glycol be heated with hydrochloric acid, only one hydroxyl group 
is replaced : 

CHorOH) CH2.CI 

I + HCl = I + H2O 

CHaCOH) CHgCOH) 

Ethylene chlorhydrine 

From these so-called halogen hydrines, by the action of alkalies the 
inner anhydrides of the glycols are obtained : 

CHa • CI CHo\ 

I = I " >0 + HCl 

CHg-COH) CH/ 

Ethylene oxide 
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TRANSITION FROM THE ALIPHATIC TO THE 

AROMATIC SERIES 

Dimethylcyclohexenone and s-Xylenol from Ethylidenebisacetacetk 
Ester. (Ring Closing in a 1.5 Diketone. Knoevenagel Reaction.^) 

1. ETHTLIDENEBISACET ACETIC ESTER 

In a thick-walled flask closed by a cork bearing a thermometer 
reaching almost to the bottom, treat 50 grammes of pure (in vac- 
uum distilled), cooled acetacetic ester with 8.5 grammes oi pure 
aldehyde distilled just before the experiment. The flask is cooled 
to — 10-15° ^^ ^ freezing mixture of ice and salt. To the reac- 
tion-mixture is then added a few drops of diethyl amine from a 
small medicine " dropper." In most cases no elevation of tem- 
perature takes place at first. Since it is very difficult to obtain 
acetacetic ester and aldehyde absolutely free from acids, the first 
portions of the amine are neutralised by the acids present, and are 
thus not available for the main reaction. The addition of the 
amine is continued slowly until at a certain point an elevation of a 
few degrees in the temperature is observed. Normally this should 
occur on the addition of the first ten drops. When this takes 
place, the liquid, clear at first, becomes turbid. From this point, 
during the gradual addition of a further portion of ten drops of the 
base, the temperature is slowly allowed to rise to 0°. The addi- 
tion of the base in drops is continued, gradually and with frequent 
shaking, until, collectively, 60 drops = 1.5 grammes have been 
used. The length of the operation is about an hour. After the 
reaction-mixture has stood a further quarter hour, it is removed 
from the freezing mixture and allowed to come to the room tem- 
perature. If, in consequence of a secondary reaction, the temper* 

^ A. 281, 2$, 
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•^re should go up to 20', the flask is cooled off Ji short time in 
^e water. The reaction-product is a viscous, bright yellow Uquid 
^ which numerous drops of water are suspendeil. It is allowed 
to stand undisturbed until it solidifies to a crvslalliue mass, which 
generally requires from two to three da)*s. 

A small specimen is pressed out on a jx^rous plate and rerrystiil- 
lised from diluted alcohol. Colourless needles are thus ohtalncd 
nrhich melt at 79-80®. Concerning the constitutiDU of this suh 
stance see the remarks on page 207. 

The solidification of the crude product may \if. UdaU-uai liy 
ieeding it, after one day's standing, with rry^hih iilii,iiiii:ii in u 
)revious preparation. This is best done on ilir ii|i|ii:i j/uiiitiu 
^f the flask, which is only moistened by tlir lj<jij)'l. 

2. DIMETHYLCyCl/iKKXEtfOHfil 

The crude product liquefied i// htirt.y n, i /tsi' § *,-ii,. . i,<, -m 'J 

nto a mixture of 400 grammes *A w^u i ^ '..''. i',*. y^^.. .} ■ ... 

:entrated sulphuric acid comaifi*:': u * f^ -.'. . .• ? . .. .../;.; 

¥ith a long reflux condenser . '!•.*: m.*.'. .o- ■.. / .. 
ively boiling on a wirt gauz*: ; i. 1* 1- ,.*/,* / •/./■• 
ure placed in the fiaik v^ inau'i ^ ?t ^. ... 

After about se\ er. u-j-jif- u* ^:. : : « »,■ 
:ommenced in tht xwj'uix,, u' * . 
ienser is replaced :•} a: 'j-r..^.' 
nto the mixture un*-i •.:.• *: 
iask is heated uv a fr'.^ \^, . . 
ents. The distil rai- . >;*«.' 

On the se'jc/ri':- '-'s * . * ■ 
[with a refiu.\ cv ^r . ^ . . . 
lien IOC ':.': ^r/- <-- • 
m the ti-iir- oi^ < - 
Tom a tei: vj". ■>■ . 
)il, or or-. - - 

low ur:!i-:r .'. 
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as pure as possible. From the potash solution a brownish red o3/ 
layer separates out: it consists of dimethylcyclohexenone aod 
alcohol. It is separated from the water solution in a droppiog 
funnel, and the alcohol is distilled off by the aid of a Hempel tube 
lo cm. long filled with glass beads. The residue is dried over 
fused Glauber's salt and distilled from an ordinary fractionating 
flask. The portion going over between 200-215** is collected 
separately. Boiling-point of the pure compound, 211®. Yield, 
15-20 grammes. 

8. 8-XTLEirOL 

A mixture, cooled by ice water, of 10 grammes of the ketone 
dissolved in 20 grammes of glacial acetic acid (the acid must not 
be allowed to solidify) is treated gradually with a mixture of 13 
grammes of bromine and ib grammes of glacial acetic acid from 
a dropping funnel. The reaction-mixture is then allowed to stand, 
under the Iiood, at least half a day, or better over night, at the 
room temperature. Hydrobromic acid is evolved copiously. The 
mixture is heated, with frequent shaking, about an hour on a water- 
bath to about 50°, the temperature is then increased until the 
water boils, and the heating is continued until there is only a 
slight evolution of hydrobromic acid. It is heated finally, using 
an air condenser, on a wire gauze, to incipient ebullition of the 
acetic acid, until the evolution of hydrobromic acid almost entirely 
ceases. After cooling, it is poured carefully into a cooled solution 
of 75 grammes of caustic potash in 150 grammes of water, upon 
which only a small quantity of an oil should separate out. The 
by-products insoluble in the alkaline solution are extracted with a 
sufficient quantity of ether, the alkaline solution is saturated with 
carbon dioxide, and the s-xylenol liberated is distilled over in the 
presence of carbon dioxide with steam (use a three-hole cork). 
The end of the distillation may be readily determined. So long 
as the xylenol is coming over, a test of the distillate by adding a 
few drops of bromine will show a precipitate of tribromxylenoL 

U the distillate be aWovjed \.o ^XacaiSiVsL ^ cool place over night, 
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!■« • 



the laiger portion of the xylcnol wu^ -rym: -^ -^.- ^ ^ '^ 
obtain the portion remaining di»v#rj^-: -^ - - • r^. ; o^,. • , a^ 
and the filtrate saturated with ior^: •;s^ <-/'*,' ^' */ ^ 

Melting-point of s-xylenol, 64'. .V/.:.-^ v- • ' - v 

5-6 grammes. 

A better characterisatioD of v^^; v-^--, 1 -,..---. -^ ^ - -, .- -, 
a few drops of it in a t«t-t;:'vt -rr.- ^ ■ .- .- »■ r - 
bromine drop by drop riiir^ v.* 'K'j'^.r .- .— 
does not disappear. Yzit 'rzr."*. -/ .- .- - 
addition of a solutioTi vf *, r^r:-.- ",-■ -^ 
recrystallised from klc/>/:.- 'l-^- -e-. 
needles of tribromzvkrro. *^:r.- r^:? x? v 



* - * ..... 



r * 



<» * ' • 



^ ^ .. ■ A * ^,«,_ 



I. Aldehydes nnht. "p-:*! -Is^. -:.-..-.>«■.... -4..^ 
containing the grcr.-i ''^H -^ '-^. - ..* 

ester, malonic ester. ^y»r ■ uejc.-r^. ^y. / ^■ 
molecules unite ijL '^lx^x''j^^^. «• .-V- * ^ ^ . ^ ^ •• , ^^ . . ^ 



* ■ ■ ^ 



C:-£,- V :a. k • ^ i. ' ^.-r y 



CO V^ 



r 



m 

z. Tut T6acti*-« fisa; viA» pt**^ jz.^.ijk^: •/-^ u«'j«u;bUfe of tM; aiiGe 

X h X ^ F X 

CH H - ^^H.Q- H i-i ■ - HjO - ^>: - *'-H -CH 

y ¥ If i 
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Example, carried out in practice: 



CH. 



CH, 



CH, 



CO CH, CO CO CH, CO 

CH p5] + CH|0 + H| CH = H,0 + CH - CH - CH 
COOCjHg COOCjKa COOCjH, C 



OOCjKa COOCjH, COOC,H, 

Ethylidenebisac***cetic ester. 

For bringing about the first reaction the following-named substances 
may be used as condensation agents : hydrochloric acid, acetic anhy- 
dride, as well as primary and secondary amines (ethyl amine, diethy 
amine, piperidine, and others). For the second reaction the base 
mentioned may be used. A small quantity of one of these may pro 
duce large quantities of the condensation product : this is a case of 
so-called continuous reaction. It is probable that the amine ^'ead 
first with the aldehyde, water being eliminated : ^ 



R.CH 



+ H2N.Ri = R.CH = N.Ri + H,0 



pnm. amine 



RCH 



+ 



H 
H 



NR" /^^" 

^^ =RCH H-HoO 



(R" = a bivalent radical or two univalent radicals.) 

In the example above : 

, , , yNCCjH,), 

O + 2H N{C2H5)2 = CH8.CH<( + HjO 



CH3 . CH 



N(C,H,), 



The aldehyde derivative thus formed then acts upon the second coi 
pound with the regeneration of the amine : 



X 

RiNHo + C=CH.R 

i 







R 


.CH 


= NRi 


+ H2C 
Y 


iB. 


3h 


738. 
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I CHJHj + CH + 
^ Y |N|Rii| |NRi,| 
the above example : 



I I 

zHNR,. +CH - 
I 
Y 



R ci^ 

CH CO 

N(CjHj), + HCH 

COOCaH, 
CH, CH^ 

CO CH, CO 

= 2 NH(CjH,)j + CH - CH - CH 



CHH + N(CjH,)i 
COOCjHa 



I 
COGCoHj 



The a 



COOC^j 

w the aldehyde residue ti 



e thus regeneraled carries o 
the acel acetic ester, and so on. 

According to Rabe (A. 323, 83 and 332, i), the substance melting at 
79-80° does not possess the constitution of an ethylidenebisacetacetic 
ester, but it shows a desmotropic modification, forming a cyclic com- 
pound as follows : 



CHjOOC ~ CH - CO 



Hg.CH 
CJipOC - CH - C 

EUiylidcneysuxtacctlL 



\h 



CjH^OC - CH - CO 

»- CHa.CH CH, 

CjH^OC - CH - C - 

\CHg 

DimettaylcydDhcxanoldicBtbcinic eUi 



OH 



But compare the objections of Knoevenagel (B. 36, 2?iS). 

2, Of the compounds which can be obtained by reaction (2), of 
especial interest are those which, HIte the ethylidenebisacetacetic eslpf 
prepared above, contain two carbonyl groups (i.5-dil(etones) and in 
addition a methyl group. If such compounds are treated "Nv^Ai *J\aiR. 
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substances which have the power to eliminate water (alkalies or adds), 
six-membered carbon rings are formed as follows : 



R 



.dH 



X . CH - CO 



X - CH - CO 



\ 
X . CH - C 



O 



CH = HoO + R 



H 



-ca 



In the above example : 
C2H5OOC - CH - CO 



^8 



C2HPOC 



.(fn 




CHg • CH 



-\h- 



O 



tH = H2O + 
-CHs 



.«! C 

X - CH - C- CHj 



C2H4OOC - CH - CO 

CHg . dn CH 

C2H4OOC -^H - C - CH, 



According to Rabe, ring formation takes place as indicated above, 
and the change at this stage is as foUows : 



C2H5OOC - CH - CO 



/ 
CHg . CH 

\ 



\ 
CH 

/ 



C2H5OOC - CH - C — 



H 
OH 



CjHpOC - CH - CO 
CHg . OT CH 



= H,0+ \ // 

C2H5OOC - CH - C - CH, 
\CH-— ■ 

Beside this ring closing, a second reaction takes place in the experiment 
made above. The sulphuric acid saponifies the primarily formed acid- 
ester, with the elimination of carbonic acid : • 

H 
OOC.CH-CO CHo-CO 

CHg.CH CH = 2C02+2C2H^OH + CHg-CH CH 





OOC.CH-C-CH. 
H 



CHj-C-CHj 

DimethylcydcJiexaione 



This ring closing with 1.5 diketones is capable of many modifications. 
By using formaldehyde, acetaldehyde, proprionaldehyde, benzaldehyde, 
etc., R = H, CHg, C2H5, C6H5, etc. By using acetaceticester, acetylace- 
tone, benzoylacetone, etc., X = COOCjH^, CHgCO, CgH^CO, etc. 

The many-sidedness of the reaction is materially increased by starting 
with the unsymmetrical 1.5 diketone, e.g.: 



TRASsmcBr Tsos: jc^EHiirnr nr? ^acM.v tc sshj is:s xv 






^he nature of the rracnon icqaire& htf«Kv«r« that vM^r ol \\w \>^\^ i^h 
K>nyl groups most be connected with a mrthvl |£UMip. o<tuMv^i«»> Hu- 
limination of water cannot take place. The ivminnniiU «it t*htfilM»»l 
lie all derivatives of the mother substance : 

CH, - CO 

ra, CH 
CH, ~ at 

which is called cydohexenone, and whkh m>«'/ M ^/ffn>AA^¥^A f- f^ 
keto-derivative of tetrahydrobenzene 

This, thenfonr »a fkanmtinn ;V>yw he '^*o'^'y+?/« -r, *^, -. ,* 
series. 

This prnBari&f ahf^^neei ^mty^rn/f ^-t- ' *• 

the dimci^ic^JUsh0»3mmf\e ^ v^rfr^P'.-' 
into the .<«A»miari' ^l<!*f>»>l .T'-^-n. -♦ 
severed.. ami tMrir).:tt7fff^;^sgf) ,fy^^c.,,,K^ ',/</#.-. • 



i" . • /■ 



rr 



Tf 



/ 
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CH, - CO 



Cri3 — CH CH< 



\ 



/ 

xt2 — CH — Cxtj 



If the hexahydrogen addition alcohols be treated with substances h< 
ing the power to eliminate water, there is obtained a tetrahydrof 
addition product of the hydrocarbon, e.g. : 

CHj - CH 

.dn CH = 



CH, . CH CH = Tetrahydroxylene 

\ / 

CHo — CH . CH« 



If in compounds like hexahydroxylenol, the hydroxyl be replacec 
iodine, and the resulting iodide reduced, there is obtained a hex: 
drogen addition product of the hydrocarbon, e.g. : 

CHo — CHq 

CHg . CH CHj = Hexahydroxylene 

CH2 — CH . CH3 

It is thus evident that the syntheses of a great variety of hydroarora 
compounds are possible. 

3. By these reactions the compounds of the pure aromatic se 
may be reached. If bromine be allowed to act on the primarily ari: 
ring compound, as has been done practically, the double union is bro 
up by the addition of two atoms of bromine : 

CHo - CO CHa - CO 

/ \ / \ 

CH3.CH CH + Br2 = CH3.CH CHBr 

\ ^ \ / 

CH2 — C — CH3 CH2 — CBr — CH3 

These dibromides are very unstable, and even in the cold give off 1 
molecules of hydrobromic acid : 

CHo - CO CH2 - CO 

/_-.N / X 



CHo.CiH Br CH = 2HBr + CH3-C CH 

^\ / \ // 

CH - C - CH3 CH - C - CHj 

J L_ 

H Br\ 



TRANSITION FROM AUFHATIC TO AROBCATIC SERIES 2tt 

FinaUy, tbis unstable kcto-ianii (CH,-CO) changes itself imn rtu^ 
stable enol-ldrm (CH =C.OH), and the s-xylenol is obtain^:. 

OH 

1 

c:h = c 
/ \ 



CH-C 

I 

For fartha- mfbrmatiGa omapui ng the mtMtfi^iii 'rr,m «ii .-"^ ^ 
to aromatic or hydrooromatic conpooiHtSr oomoBinr i>mf^.«^r. /. ^^^ 
p. 382; Richter, X Ed., VioL IL pp. 4r-^ «crt ^^ //^^ 
p. 446; Meyer- Ja cDbson, II Voi, p. 715^ 
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II. AROMATIC SERIES 

1. REACTION: NITRATION OP A HTDROCARBOH 

Examples: Nitrobenzene and Dinitrobenzene^ 

Nitrobenzene 

To 150 grammes of concentrated sulphuric acid contained in a 
J-litre flask, add gradually, and with frequent shaking, 100 grammes 
of concentrated nitric acid (sp. gr. 1.4). After cooling the mix- 
ture to the room temperature, by immersion in water, gradually 
add 50 grammes of benzene, with frequent shaking. If the tem- 
perature should rise above 50-60°, the operation is interrupted, 
and the flask immersed in water for a short time. When all of the 
benzene has been added, a vertical air condenser is attached to 
the flask ; it is then heated in a water-bath for an hour at 60' 
(thermometer in the water) ; during the heating -the flask is fre- 
quently shaken. After cooling, the lower layer, consisting of sul- 
phuric and nitric acids, is separated from the upper layer of 
nitrobenzene in a separating funnel. The nitrobenzene is then 
agitated in the funnel several times with water : it must be borne 
in mind that the nitrobenzene now forms the lower layer. After 
being washed, it is placed in a dry flask, and warmed on a water- 
bath with calcium chloride until the liquid, milky at first, becomes 
clear.' It is finally purified by distillation from a fractionating 
flask provided with a long air condenser. Boiling-point, 206^207°. 
Yield, 60-70 grammes. 

Dinitrobenzene 

To a mixture of 25 grammes of concentrated sulphuric acid and 
15 grammes of fuming nitric acid, 10 grammes of nitrobenzene are 

1 A. 9, 47 ; 12, 305. Ostwald's Klassiker der exacten Wissenschaften Nr. 98. 

2 The crude product, separated from the acid and treated with water, may also be 
distilled with steam. The higher ivitro derivatives are not volatile with Steam. 

The distillate is now treated as above. 
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dually added (hood) ; the reaction- mixture is then heated fot 
half an hour on a water- bath, with frequent shaking j after cooling 
somewhat, it is poured, with stirring, into cold water. The dinitro- 
tenzene which solidifies is filtered off, washed with water, pressed 
out on a porous plate, and recrystallised from alcohol. Melting- 
point, 90°. Yield, 10-12 grammes. 

The property of yielding nitro-derivatives, when treated with nitric 
acid, is a characteristic of aromatic compouads. According to the 
conditions under which the nitration is carried out, one or more nitro- - 
groups can be introduced at the same lime. The above reactions lake 
place in accordance with the following equations : 

CgHa + NO,, . OH = C5H5 . NO.j + H.O, 

CaH,,.NO, + NOa-OH = C„H^. (NO,)^ + Hp. 

If a saturated aliphatic residue is present in an aromatic compound, 
the nitration under the above conditions always affects the benzene 
ring, and not the side-chain. Since the benzene carbon atoms are in 
combination with only one hydrogen atom, the nitro-compounds ob- 
tained on nitration are tertiary ; they therefore do not have the power 
to form salts, nitrolic acids, or pseudo-nitroles, like the primary and 
secondary nitro-compounds. 

Recendy the nitro-group has been introduced directly into the side- 
chain.' If, e.ff., toluene or ethyl benzene be heated with weak nitric 
acid (sp. gr. 1.076) in a bomb up to about 100", phenyl nitro methane, 
CbHs.CH^.NOj, or phenylnitroethane, CbHj.CH .NOS.CH3 is ob- 

Not only can the mother substances, the aromatic hydrocarbons, but 
all their derivatives, as phenols, amines, aldehydes, acids, etc., undergo 
similar reactions. But the nitration does not take place in every case 
with the same ease. In each case, therefore, the most favourable con- 
ditions for the experiment must be determined. If a comf«und is very 
easily nitrated, the nitration may be effected, according to the condi- 
tions, by nitric acid diluted with water, or the substance may be dis- 
solved in a solvent which is not attacked by nitric acid ; gladal acetic 
acid is frequently used for this purpose, and then treated with nitric 
acid. The reverse process may also be employed, i.e. the substance is 
added to a mixture of nitric acid and water, or nitric acid and glacial 
acetic acid. If a substance is moderately difficult li 

1 B. 27. Ret. 194 and 46I. 
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to concentrated or fuming nitric acid. If the nilration is difficult, the 
elimination of water is fecilitated by the addition of concentrated sul- 
phuric iicid to ordinary or fuming nitric acid. In the nitration, tk 
substance may either be added to the mixture of nitric acid and sulphuric 
add, or the nitric acid is added to the substance dissolved in concen- 
trated sulphuric acid. In working with sulphuric acid solutions, at times 
either potassium nitrate or sodium nitrate may be used instead of nitric 
acid. The three nitration methods just described may be still faints 
modified in two ways: (1) the temperature may be varied; (2) the 
quantity of nitric acid may be varied. The nitration can be effected in 
a freezing mixture, in ice, or in wafer, by gentle heating, or finally, at 
the boiling temperature. Further, the theoretical amount of nitric addi 
or an excess, may be used. In order to determine which of these nu- 
merous modifications will give the best results, preliminary experiments 
on a small scale must be mad(. Since the nitro-compounds are genet- 
ally insoluble in water, or difficultly soluble, they can be separated from 
the nitrating mixture by diluting it with water, or in many cases better, 
with a solution of common salt. 

The chemical character of a substance is not changed in kind, but in 
degree, by the introduction of a nitro-group. Thus, the nilro-derivalives 
of the hydrocarbons are indifferent compounds like the hydrocarhona- 
If a aitro-group is introduced into a compound of an acid nature like 
phenol, it becomes more strongly add, e.g: the nitro-phenols are more 
strongly acid than phenol. When a nitro-group is introduced in a basic 
compound, the resulting substance is less basic ; e.g. nitro-aniline is less 
basic than aniline. 

The great importance of the n it ro-com pounds is due to their behav- 
iour on reduction ; this will be considered under the next preparations. 

Concerning the introduction of the nitro-group,' the following bra 
are of general application. 

The introduction of one nitro-group in the benzene molecule can. 
obviously, only result in the formation of one mononiirobenzene. If an 
alkyl radical is present in the beniene molecule, the nitro-groups enter 
the ortho- and para-, but only to a slight extent the meta-position lotht 
radical. On nitradng toluene, e.g., there are formed almost exclusively: 
CHj CHb 



^^ 'The 

■r 



ler , 

tht I 

i 



e \mtQ4\«fiiiti ^A^«!la^)w> muI sulphon 



AROMATIC SERIES 



2IS 



The nitro-groups seek the same position when a benzene -hydrogen 
jm has been substituted byhydraxyl. Thus, e.g., phenol gives on 
litratioQ a mixture of o- and p-nitrophenol. On the other hand, if a 
compound contains an aldehyde-, carboxyl-, or cyanogen -group, on ni- 
ration the nilro-group goes in the m eta-position to this. Benzaldehyde, 
)enzoic acid, and benzonitriie give on nitration respectively: 

CHO CO. OH CN 

IJno, \/"°' \/"*^' 

a compound already contains a nitro-group, a second one will take 
meta-posilion to this. Thus, on nitrating nitrobenzene, m-dinitro- 
,ene is formed. 0-nitrotoluene or o-nilrophenol yield on nitrating : 

CHj OH 

NO, NO, 

respectively. 

From m-nitrobenzoic acid the following dinitrobenzoic acid is formed : 



)! JnO,. 



^^^he nitro-com pounds are in part liquids, in part solids; in case 
these latter distil without decomposition, they possess a higher boiUng- 
point than the mother substacce. 

2. RBACTIOH: REDDCTIOH OF A HITRO-COMPOIJin) TO AH AMIHE 

Examples: (i) Aniline from Nitrobenzene' 

(3) Nitroaniline from DlnitTobenzene 
A mixture of 90 grammes of granulated tin ' and 50 grammes 
of nitrobenzene is placed in a i^-liter round flask. To this are 
gradually added 200 grammes of conceolrated hydrochloric acid 

1 A. 44. aSa, 

1 If granulated tin is not al hand, 
iron spoon over a blast flame. The 
pail of water from a height of i-i me 
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in the following manner : At liist only about one-tenth of 
acid is added; an air condenser, not too narrow, is then attac); 
to the flask and the mixture well shaken. After a short 
becomes warm, and finally an active ebullition takes place, 
soon as this happens, the flask is immersed in cold water until i 
reaction has moderated. The second tenth of the acid is 
added, and the above operation repeated. After one half of 
acid has been used, the reaction becomes less violent, and tlit| 
second half may be added in larger portions. In order to effect 
the reduction of the nitrobenzene completely, the mixture is 
finally heated one hour on the waler-bath. To separate the free 
aniline, the warm solution is treated with too c.c. of water, then a 
solution of 150 grammes of caustic soda in 200 grammes of watei 
is gradually added. The mixture should finally give a strongly 
alkaline reaction. If the action of the caustic soda causes the 
liquid to boil, the flask is cooled by water for a short time, before 
a further addition of caustic soda. When all of the solution has 
been added, a long condenser is attached to the flask, and steam 
is passed into the hot liquid, upon which aniline, as a colourless 
oil, and water pass over, the aniline collecting under the water. 
As soon as the distillate no longer appears milky, and becomes 
clear, the receiver is changed and about 300 c.c. more of 
liquid distilled over. The distillates are mixed, treated with 
grammes of finely powdered sodium chloride for every looc.c 
of the liquid, shaken until all the salt is dissolved, and the aniline 
extracted with ether. After the ethereal solution has been dried 
by treating it with a few pieces of solid potassium hydroxid^ 
the ether is evaporated and the aniline subjected to distillatic 
Boiling-point, 182°. Yield, 90-100^ of the theory. If 
circumstances are such as not to permit the experiment ti 
completed without interruption, it is so arranged that the 
tralisation with sodium hydroxide, and the distillation with ste 
immediately following, may take place within a short time, so 
the heat of neutralisation may be utilised. 

To the nitro-com pounds of the aromatic series, as well as those rf 
the aliphatic series, belongs t\ie pvo'pMV'^ o^ Vkwi^^cqu verted into prin 
ij'nes on energetic reduction. ¥oI^.^^tItivi^A(i^ iAt-Hn^^\'at 
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u atoms of hj^^ogcn are necessaiy. asd the following equation is th* 
general expressioB of the reaction : 

X.NO,-r3H, = X,NH,,-2H.O, 

For the reduction of nitro-compK>unds on the small scale in the 
laboTaiory. it is most convenient to use. as the reoucini^ Aj^ont. j^ranu 
lated tin and favdrochioiic add. or stannous chlonde aiui hwliwhUxiv 
acid: 

(1) 2C^5.NO.-r3Sn-^i2Ha = 2C^,.NH. - ^SnOl, ^ 4 H,i\ 

(2) C<;Hj.N02-r3SnCl,^6Ha = QH,.Nno - 3 SnOl, ] lU.X'^. 

To I molecule of a mononitro-compound, i J atoms ot' tin. or ,^ mole 
cules of stannous chloride, are therefore used. In calcnlatin^; the ;u«o\jnt 
of the latter necessar\' for a reaction, it is to l>e rememhoivtl that the salt 
crystallises ^ith two molecules of water (SnCK, ^ ^H.OV It the re- 
duction is to be effected by metallic tin, double the above i^nantity »» 
frequently used, t.^. to i nitro-group, 3 atoms of tin In this ease, the 
tin is not converted into stannic chloride, but uUo stanno\is ehloiide : 

CeHs.X02 + 3Sn + 6HCl = C6H,.NMo 4 ^SnCl, ^ 2U^'i 

Since, in the cases mentioned, hydrochloric acid is always pieKcnt 
in excess, and the amines unite with it to t'oim si>luble s.dts, the end 
of the operation occurs when no more of the insoluble nitio ounpoumi 
is present, and the reaction-mixture dissolves clear in waiei . In order 
to get the free amine fi^om the acid mixture, various methods n>av be 
employed. If, as in the above example, the amine is volatile with 
steam, and. insoluble in alkali, then the acid solution is treated with 
caustic potash, or caustic soda, until the oxide o( tin whl( h separated 
out at first is redissolved in the excess of alkali ; the liberated amine 
is driven over with steam. Further, volatile or non-volatile amincR 
can be extracted from an alkaline solution by u proper solvent, like 
ether. But this process is often troublesome, since (he alkaline tin 
solution forms an emulsion with ether, which subsides with great ditli- 
culty. If the free amine is solid, it may be obtained by filtering off the 
alkaline liquid. In many cases, where a non-volatile amine is under 
examination, it is advisable to precipitate the tin before liberating the 
amine. This is done by diluting the acid solution with much water, 
heating on the water-bath, and as soon as the liquid has reached the 
temperature of the bath, hydrogen sulphide i.s passed into it. The tin 
is precipitated as stannous or stannic sulphide ; this is separated frgcn 
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amine hydrochloride by filtering. Since rin, in the presence 

brge excess of hydrocbloric acid, is precipitated only with difficully bf 
hydrogen siilpliitie, It is frequently necessary to drive off the eJices! 
of the acid before treating with hydrogen sulphide. This is done by 
evaporating lo dryness on the water-balh. 

After the tin sulphide has been filtered off, a portion of the fillratt 
is tested with hydrogen sulphide for tin ; if it should be present, iht 
whole filtrate is evaporated on the water-bath, as completely as possible, 
to remove the hydrochloric acid, then diluted with water, and hydrogen 
sulphide is again passed Into it. At times, the amine forms niih 
hydrochloric acid, a difficultly soluble salt, or the amine hydrochloride 
combines with the tin chloride lo form a difficultly soluble double sail, 
In this case, the isolation of the amine may be facilitated by filtering 
it off, washing with hydrochloric acid, and pressing out on a porous 
plate, if necessary. If one is dealing with amines, which, lilte amii3> 
acids, possess an acid character, obviously, these cannot be separated 
by the use of an alkali, as in the above example. In a case of this 
kind, the tin is always removed first, the acid solution evaporated lo 
dryness, and the am ido-com pound is now liberated by the addition 
of sodium acetate. With amido-phenols, sodium hydrogen carbonate, 
sodium carbonate, or sodium sulphite may be used to decompose the 
hydrochloric acid salt. 

In the laboratory, other metals, like iron, zini 
with an add, are only rarely used in the placi 
chloride, for the reduction of nitro-com pounds. On the large scale, 
iron, owing to its cheapness, is used in the preparation of bases likt 
aniline, toluidine, a-naphthyl amine, etc., from the corresponding niln>- 
compounds. By the use of iron and hydrochloric acid, the leduclioo 
should theoretically take place in accordance with the following equi- 

CaHj. NO2 + 3 Fe + 6 HCl = 3 FeCI, + z HjO + C^H^ . NH, . 

As a matter of fact, on the large scale, much less hydrochloric acid 

(only j'5) is used than that required by the above equation. In ihe 

presence of ferrous chloride, the nitro-compound is reduced by the iron 

without the action of hydrochloric acid, according to the equation : 

C„H,.N02 4 2Fe +4H,0 = Cf.H,. NH^ + 2 Fe(OH),, 
For the neutralisation of the hydrochloric acid, a small quantity d 
which is always used on the large scale, slaked lime is employed ia 
preference to the more cosUv afliaiwa. 
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The complete reduction of n it ro -compounds containing several nitro 
groups is conducted in the same way as for mononitro-compounds. 
If it is desired to reduce but one or two of several nitro-groups, it 
cannot be done by adding just the calculated amount of the reducing 
agent ; for cases of this kind, special methods are necessary. For this 
purpose, hydrogen sulphide in the presence of amtQonia or ammonium 
sulphide is often used for the reduction : 

HjS = Hj + S 

The compound to be reduced is dissolved in water or alcohol, accord- 
ing to circumstances, treated with ammonia, healed, and hydrogen 
sulphide passed into it ; or it is heated in a water or alcohol solution 
with a previously prepared water or alcohol solution of ammonium 
sulphide. In this way, e.g., dinitrohydrocarbons may be converted 
ioto nitro-amines. A second method, which may be generally used for 
the reduction, stepbystep, of compounds containing several nilro-groups, 
b this : An alcohohc solution of the theoretical amount of stannous 
chloride saturated with hydrochloric acid is gradually allowed to flow 
into an alcoholic solution of the substance to be reduced, which is well 
cooled, and constantly shaken. (B. 19, z[6i.) 

Experiment :' The recrystallised dinitrobenzene is dissolved in 
alcohol (4 grammes alcohol to i gramme dinitrobenzene), in a 
flask, the solution is quickly cooled down, upon which a portion 
of the dinitrobenzene separates out; it is then treated with 0.8 
gramme of concentrated ammonia for i gramme dinitrobenzene 
(the ordinary dilute solution of ammonia employed as a reagent 
must not be used). After the flask and its contents have been 
tared, the mixture is saturated with hydrogen sulphide at the 
ordinary temperature; the current of hydrogen sulphide is tlien 
shut off, and the flask, provided with a reflux condenser, is heated 
for about half an hour on a water-bath. It is then allowed to cool 
to the ordinary temperature, and hydrogen sulphide again passed 
into it to saturation, etc. This operation is repeated until there 
is an increase of 0.6 gramme in weight for every gramme of dini- 
trobenzene used. If in consequence of insufficient cooling the 
required increase in weight does not take place, hydrogen sulphide 
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is again passed into the mixture. It is then diluted with water, 
the precipitate filtered off, washed with water, and extracted 
several times by warming with dilute hydrochloric acid. From 
the acid filtrate, the nitro-aniline is set free by neutralising with 
ammonium hydroxide ; it is recrystallised from water. Melting- 
point, 114°. Yield, 70-80% of the theory. 

/NO2 /NOj 

CgHZ +3H2S=C6H/ +2H2O + 3S 
NNOg NNHg 

Special methods are necessary for the reduction of nitro-compoiindj 
containing groups capable of being acted upon by hydrogen, e.g.^ an 
aldehyde-group, an unsaturated side-chain, etc In cases of this kind, 
ferrous hydroxide is frequently used : 

2 Fe(0H)2 + 2 H2O = 2 Fe(OH)3 + H, 

The reduction is effected by adding to the substance to be reduced, 
in the presence of an alkali (potassium-, sodium-, or barium-hydrox- 
ide), a weighed quantity of ferrous sulphate. By this reaction, o-nitro- . 
benzaldehyde is reduced to o-amidobenzaldehyde ; o-nitrocinnamic add 
to o-amidocinnamic acid. 

As a perfectly neutral reducing agent, which appears to be weD 
adapted for a great variety of reduction reactions, aluminium amalgam^ 
is recommended. It is made by treating aluminium filings or shavings, 
which have been slightly acted on by caustic soda, with a solution of 
mercuric chloride. It reacts with water in accordance with this equation: 

Al + 3HOH=Al(OH)3 + 3H 

Besides the reducing agents mentioned, there is still a large number 
of others which find only an occasional application in reducing nitro- 
compounds to amines. They will be referred to under the different 
preparations. 

The primary mon-amines are in part colourless liquids, e.g., aniline, 
o-toluidine, xylidine; or colourless solids like p-toluidine, pseudo- 
cuminidine, the naphthyl amines, etc. They can be distilled without 
decomposition, are volatile with steam, and difficultly soluble in water. 
The di- and poly-amines are for the most part solids, non-volatile with 
steam, and much more readily soluble in water than the mon-amines 

^B.2B, 1323. 
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The amines possess a basic character, but the basicity is weaker than 
that of the aliphatic amines, in consequence of the negative nature 
of the phenyl group. 

Salts: CbHj.NHj.HCI . . . . Aniline hydrochloride 
CaHj-NHi-HNOj . . . Aniline nitrate 
(CaHj.NH^jj.H.SOj . . Aniline sulphate 

Like ammonia, the amines unite with calcium chloride to form double 
compounds ; for this reason they must not be dried with this substance 
(see page 54), 

The primary mon-amines find numerous applications in the labora- 
■tory, as well as on the large scale, in consequence of their great activity. 
Frequent reference will be made to the subject in the following pages. 

With the aniline prepared above, the following experiments are 

(i) Add 3 drops of aniline to 10 c.c. of water in a test-tube, 
and shake the mixture. The aniline dissolves. At moderate tem- 
peratures, I part of aniline dissolves in about 30 parts of water. 

(z) Dilute I c.c. of this aniline solution with 10 c.c. of waterj 
and add a small quantity of a filtered water solution of bleach- 
ing powder. A violet colouration takes place ; by this reaction 
(Runge's), the most minute quantity of free aniline may be de- 
tected. If in this experiment the solution should not remain clear, 
but a dirty violet precipitate separate out, a too concentrated solu- 
tion has been used j the aniline water is diluted further, and the 
experiment repeated. If a salt of aniline is to be tested, it is dis- 
solved in water, treated with alkali, the free aniline extracted with 
ether, this laller evaporated, and the residue dissolved in water. 
Then proceed exactly as just directed. 

This reaction may also be used to detect small quantities of 
benzene or nitrobenzene. In a test-tube mix s drops of concen- 
trated sulphuric acid with 5 drops of concentrated nitric acid, 
then add i drop of benzene, shake, and warm gently by passing 
the lube through a flame several times. Then add 5 c.c. of 
water, and extract the nitrobenzene with a little ether ; the ether 
layer is removed with a capillary pipette, and the ether evapo- 
rated. The residue is treated with i c.c. of concenltaHeA 'w^i^o 
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chloric acid, and to this is added a piece of zinc the size of i 
lentil, to elTect the reduction. When the zinc is dissolved, the 
is diluted with water, and made strongly alkaline, undl 
the hydroxide of zinc precipitated at first is redissolved ; the ani- 
line is then extracted with a little ether. Then proceed as just 
described. 

If it is desired to determine whether a given compound b 
nitrobenzene, it is at once reduced with zinc and hydrochtoiic 
acid. 

(3) In a small porcelain dish place 5 drops of concentrattd 
sulphuric acid, and with a glass rod add i drop of aniline. The 
aniline sulphate thus formed solidifies for the most part on the 
rod ; remove it by rubbing it against the walls of the dish. Then 
add 4 drops of an aqueous solution of potassium dichromate, and 
mix the liquid by revolving the dish. After a short time the liquid 
assumes a beautiful blue colour. If the reaction does not take 
place, add 2 more drops of the dichromate, or heat a moment 
over a small flame. 

(4) IsonitriU Reaction ; Heat a piece of caustic potash tk 
siie of a bean with 5 c.c. of alcohol, pour off the solution from d 
undissolved residue into another test-tube ; the warm solution 
treated with i drop of aniline and 4 drops of chloroform. A fl 
action takes place immediately, or on gentle warming; this 
recognised not only by the separation of potassium chloride, bi 
by a most highly characteristic, disagreeable odour. The odoi 
becomes more pronounced on pouring off the liquid and addi 
some cold water to the lube. If the vapours of the isonitrile a 
inhaled through the mouth, a peculiar sweet taste is noticed I 
the throat. 

The reaction must be carried out under a hood with a goc 
draught. 

While the two colour reactions with bleaching powder and chroi 
acid are used especially for the recognition of aailine, the isoniS 
reaclioa will show the presence of any primary amine of the aliphl 
or aromatic series. The reaction takes place in accordance with t 
ioUov/lng equation: 
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ar the elimination of hydrochloric acid, caustic potash is added 
.nee all isonitriles or carbylamines possess a characteristic odour, on 
oe hand the smallest quantity of a primary base may be detected 
i this reaction, and on the other a base may be shown to be primary, 
acondaiy and tertiary bases do not give the reaction. 

In the isonitriles it is very probable that the carbon atom combined 
ith the nitrogen atom is only bivalent: CgHj.N:^:C . The iso- 
itriles are isomeric with the acid-nilriles, e.g., CnH^.C^N, benzo- 
itrile. While the nitriles on saponification give acids, the isonitriles 
ecompose into a primary amine and formic acid : 

C„Hj. CN + 2 HjO = QH, . CO . OH + NH3 
CgH^ . NC + 2 HP = C«H( . NHj + H - CO - OH 



.. REACTION ■ {a) REDUCTIOH OP A HITRO-COMPOUSD TO A HYDROX- 
yXAMINE DERIVATIVE, (b) OXIDATION OF A HYDRO XYLAMIHE 
DERIVATIVE TO A NITRO SO-COMPOUND 

Examples ; {d) Phenylhydroxy lamina from Nitrobeniene 
{b) Nltrosobenzene from Ptaenylbydroxylamlne 

(a) Phenylhydroxylamine : In a thick-walled J-litre battery jar 
xeal a solution of 5 grammes of ammonium chloride in 160 c.c. of 
vater with 10 grammes freshly distilled nitrobenzene. In the 
;oarse of an hour add, with constant stirring, 15 grammes of zinc 
lust. The jar cotitaining the liquid is surrounded with water and 
cept at a temperature of 13° (thermometer in water ; small pieces 
j{ ice are used if necessary). In order to secure an intimate mix- 
nire, the zinc dust is divided into four equal portions, anti each 
portion is added in the course of a quarter of an hour. After the 
iddition of the last portion the stirring is continued for 10 minutes j 
it is then filtered, using suction and a Btlchner funnel, from the 
sine oxide ; the filtrate (solution I) is poured into a beaker, and 
the zinc oxide deposit on the funnel is washed with loo c.c. of 
water at 45° ; before the water is poured on the residue, the suc- 
tion is disconnected from the funnel, and is only attached later 
to draw the liquid through gently, drop by drop. The residue is 
then pressed together and filtered with strong suction (^&ctw>l\c>u^\>l. 
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are pressed out on a porous plat 
A small test-portion of the cr 
benzene. Melting-point, 8i°. 
purification, is worked up i 
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The two water solutions are separately saturated (with stiniij)! 
with finely pulverised salt ; for solution I, about 45 grammes, u 
for solution II, about 60 grammes of salt will be required. Ttefl' 

to o". The colourless ciystilil'''^ 
rith suction, and, without washiojl 
e. Yield, almost quantitative, 
ude product is re crystallised ftoal' 
The remainder, without funtaj 
nitrosobenzene. 
The success of the reaction depends essentially upon the qu!i%l 
of the zinc dust used. It is therefore necessary to make a zi 
determination (see page 390), and then use about 10% mc 
is required by the theory. Zinc dust of T$fo is referred toabo^t^ 

Precautions: In the preparation of phenylhydroxylamine, c 
is taken to prevent it, and particularly a warm solution of it, fronl 
coming in contact with the skin, since it causes very painful ainJ I 
annoying infiammation. Even in pressing it out or pulverising il I 
under the hood, care must ne taken not to breathe in any of the 1 
dust, since it causes extraordinarily violent attacks of sneezing. 
{S) Nitrosobemene : To a solution of 30 grammes of c 
centrated sulphuric acid in 270 c.c. of water, well cooled by % 
water, add 4 grammes of freshly prepared and finely pulve 
phenylhydroxylamine ; the solution is then quickly treated \ 
an ice-cold solution of 4.6 grammes of potassium dichi 
in 200 c.c. of water ; the pure nitrosobenzene separates out ini 
diately in crystals. 

" On account of the splendid phenomena, steam should 
passed into the Hquid containing the oxidation product; the l( 
quantity of nitrosobenzene is carried over in 4-5 minutes, 
beginning of the heating the walls and neck of the flask take o 
deep green colour, and soon the nitrosobenzene sublimes in white, 
lustrous plates in the bent tube entering the condenser; a 
moments later beautiful emerald-green oil drops appear which 
solidify so completely, in the lower part of the condenser, to snow- 
white crystals, that the distillate presents the appearance of 1 
faintly green liquid conla-TOTOg otiVj ^ fe-M minute crystals. The I 
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^^^^tals of nitrosobenzcne are pushed out of the condenser with a 
rSlass rod, the end being covered with a cotton plug, spread out 
\ *»« a porous plate and washed upon the plate with ligroin (boiling- 
I t>oint 40-70°). Mehing-point 67.5-68"." 

(a) The primary amines discussed in the preceding reaction are the 
5«iwest reduction products of nitro-com pounds. Recently two classes of 
I Compounds have been discovered which appear to be intermediate prod- 
ucts between the nitro-compounds and amines. In order to distinguish 
■them from the compounds referred to in the next preparation, they may 
|be called " monomolecular intermediate reduction products." 



CqHj.NO^ — j-CjH,, NO— »-CfiH5N< 



,H 



^CflH„.NH, 



y 



Joylhydroxylamine • was obtained simultaneously by Bamberger 
RWobI by the reduction of nitrobenzene with zinc dust ia a neutral 



qh,n/ 



+ 2ZnO 



B presence of certain sails, e.^., calcium or ammonium chloride, pro- 

Nitro-compounds may also be reduced into 

Miylamine derivatives by the action of ammonium sulphide." 

ipylhydroxylamine acts like a base towards acids. If it be warmed 

L mineral adds, it undergoes a noteworthy transformation into 

idophenol : 

/NHa 



CaH^i 



\5H 



>-Cgl 



■«<o„ 



This behaviour explains the electrolytic reduction of aromatic nitro- 
compounds.^ 

If a nitro-compound dissolved in concentrated sulphuric acid is 
subjected to electrolytic reduction, not only is the nitre-group reduced 
to the amido-group. but a hydroxy! group enters the para position (to the 
amido-group) if it is vacant. Thus from nitrobenzene p-amidophenol 
is obtained. In accordance with our present knowledge the reaction is 



IB. 87. 1347. M33p 1548; aB, Z45. I2i8. 
» B. 41, 1935. 



B. !i6, 1844, 281Q; a7. 1937; 39,3040 
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no longer considered remarkable. Phenylhydroxylamine is first fonm 
which immediately undergoes a molecular transformation iato 
amidophenol. 

Phenylhydroxylamine is a strong reducing agent, which redi 
Fehling^s solution and an ammoniacal solution of silver nitrate eve 
the cold. With nitrous acid it forms a nitroso-derivative : 

/H .NO 

C6H5N<(_^ + NOOH = CeH^N/^ + H,0 

With aldehydes it reacts thus : 



■O' 



By the oxygen of the air it is oxidised to azoxybenzene ; more ene 
oxidising agents convert it into nitrosobenzene. 

{b) Nitrosohydrocarbons may best be obtained by the oxidati 
hydroxylamine derivatives : 

CgH4.N<('_^ +0 = CeHj.N0 + H20 

The nitrosohydrocarbons in the solid state form colourless cr 
but when fused or in solution an emerald-green liquid. They pos 
characteristic piercing odour which suggests quinone and the m 
oils ; they are extremely volatile. On reduction they go over into ai 
With primary amines they combine to form an azo-compound, 

QH^ . NO 4- HgN . Q.H5 = QHs . N = N . C^yi^ + Ufi 

Combined with hydroxylamine they form isodiazo-compounds, e.^ 

C6H5.NO + NH2.0H = C6H5.N = N.OH + H20 ' 

4. REACTION: REDUCTION OF A NITRO-COMPOUND TO AN A2 

AZO-, AND HYDRAZO-COMPOUND 

Examples : Azoxybenzene, Azobenzene, Hydrazobenzene 

(i) Azoxybenzene :^ To 200 grammes of methyl alcohol 
tained in a 2 -litre flask provided with a wide reflux cond 
20 grammes of sodium in pieces the size of a bean are gra< 

ij,pr.36.93; 8.15,^65. 
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Red ; the flask is not cooled (heat being generated by the re- 
on). Since methyl alcohol frequently contains much water, 
first portions of the sodium must not be added too rapidly. 
en the metal is dissolved, 30 grammes of nitrobenzene are 
I ■'*«jaed, and the mixture heated for 3 hours on an actively boiling 
''^ater-bath (reflux condenser). Crystals of sodium formate soon 
t»cgin to separate out; this often causes a troublesome bumping. 
T^he greater portion of the methyl alcohol is then distilled off 
^the flask being placed in the water- bath ; silk thread). The 

i Residue is treated with water, and the reaction-mixture poured 
into a beaker. After long standing, especially in a cool place, 
the oil at the bottom solidifies to a bright yellow crystalline mass, 
'Which is separated from the liquid by decanting the latter ; it is 
■*ffashed several times with water and finally pressed out on a 
Jjorous plate. If the azoxybenzene does not solidify, the main 
<juantity of the water solution is poured off and the oil treated 
with small pieces of ice. If solidification does not take place 
now, it is due to the presence of nitrobenzene ; this is distilled off' 
I ^th steam, and the difficultly volatile residue, after it has cooled, 
I is further cooled with ice. From methyl alcohol (use 3 c.c, 
' «3f the alcohol for every gramme of the substance) the azoxy- 
■benzene crystallises in bright yellow needles, melting at 36°. 
"Yield, 20-22 grammes. 

(2) Azoienzene ; ' Five grammes of crystallised azoxybenzene, 
dried completely by heating on a water- bath for an hour, are finely 
pulverised and intimately mixed in a mortar with 15 grammes of 
coarse iron filings, which must also be completely dry ; the mixture 
is distilled from a small retort, not tubulated. It is first warmed 
with a small luminous flame kept in constant motion ; the size of 
the flame is increased after some time ; finally the last portions 
are distilled over with a non-luminous flame. If, on heating, a 
sudden but harmless explosion should occur, it is due to the feet 
that the substances were not dry ; the experiment must be re- 
I peated. The reddish distillate is collected in a small beaker, and, 
after it has solidified, is washed with hydrochloric acid to remove 
1 A. la, 311 ; 307, 3»9- 
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the aniline, then with water, and pressed ont on a porous pi 
The experiment is repeated a second time with a fresh quantity 

azoxybenzene ; by working carefully the same retort can be used 
again. The two pressed-out crude products are united. Azoben- 
zene crystallises from ligroin, after a partial evaporation of the 
solvent, in the form of coarse red crystals melting at 68°. 

is) Hydrazoben&ene :^ Dissolve 5 grammes of azobenzene in 
50 grammes of alcohol (about 95 % ) in a flask provided with a 
reflux condenser, and treat with a solution of 2 grammes of caustic 
soda in 4 grammes of water. To the boiling solution gradually 
add zinc dust in small portions {best by occasionally removing 
the cork) until the orange-coloured solution becomes colourless: 
about 8 grammes of zinc dust will be necessary. The hot solution 
is then filtered with suction (Buchner funnel) from the excess of 
zinc ; ao c.c. of a water solution of sulphur dioxide and 100 cc. 
of water are previously placed in the filter-flask. The hydrazo- 
benzene precipitating out of the alcoholic solution is quickly 
filtered, washed with water containing sulphur dioxide, and pressed 
out on a porous plate. By crystallising from ligroin it is obtained 
pure. Melting-point, 126°. Yield, So-gojJ; of the theory. 

Under the influence of suitable reducing agents, nitro-compouods 
undergo a partial reduction in such a way that two molecules enter inlo 
combination. There are thus obtained first the azoxy-, then the aio-, 
and finally the hydrazo-compouad, which in order to distinguish them 
from the compounds obtained in Reaction 3 may be called " dimolecular 
intermediate reduction products." 



^ C,H..Nx C„H.-N QH, 

g'-»- I >^- 11-^ 

*-*» CgHj . n/ C„Hs - N CjH, 



CgHj.NH 



In order to reduce a nitro-com pound to an azoxy-compound, either 
odium amalgam or alcoholic-caustic potash or caustic soda is used. 
With nitrobenzene, particularly, the reaction takes place most surely 
by dissolving sodium in methyl alcohol as above. The reducing action 
of sodium methylate depends upon the fact that it is oxidised ta 

iZ. iStB, 4J7. 
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sodium formate, two hydrogen atoms of the methyl group being re- 
. ,4)laced by one atom of oxygen : 

CHg.ONa + O2 = HgO + H .CO.ONa 

In the operation carried out above the reaction is expressed by the 

^, equation : 

CeH,.Nv 
4C6H5.N02 + 3CH3.0Na = 2 | >0 + 3 H.CO.ONa + 3 H2O 

qh,.n/ 

A few words may be said here concerning the relatively weak reducing 
jpower of previously prepared alcoholates, in comparison with the 
ctremely energetic action of a mixture of undissolved sodium and 
alcohol. While the previously prepared alcoholates can generally 
only abstract oxygen, the mixture just referred to belongs to the class 
<rf very strong reducing agents. With the aid of this, it is possible to 
break up the double or centric union of the benzene ring, and thus 
prepare hydrogen derivatives of benzene. In this case the alcoholate 
does not act as a reducing agent as above, but the hydrogen effects the 
reduction : 

CH3.OH -f Na = CHg.ONa + H 

The azoxy-compounds are yellow- to orange-red crystallisable sub- 
stances, which, like the nitro-com pounds, are of an indifferent charac- 
ter ; but they are not volatile with steam, and cannot be distilled 
without undergoing decomposition. On reduction they yield first 
the azo-compounds, then the . hydrazo-compounds, and finally two 
molecules of a primary amine. By heating with sulphuric acid, azoxy- 
benzene is converted into its isomer oxyazobenzene : 

CeH^ . N—N . CgH^ = CgH^ . N=:N . CeH^ . OH 

O 

If an azoxy-compound is distilled carefully over iron filings, its oxygen 
atom is removed, and an azo-compound is formed : 

CeHg . N-N . CeHg + Fe = CgH^ . NziN . CgH^ + FeO 

O 

Azo-compounds may also be obtained directly from nitro-compounds, 
since they are reduced by sodium amalgam, or, in an alkaline soUitloxv^V^^ 
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line dust or stannous chloride (sodium stannous oxide). Thebtio 
redudng agent acts io accordance with this equation 



/ QH,.N / 

O, + 4Sn = t| + 4SnO 

\ C.H,.N \- 



Azo-com pounds may also be obtained by the osidatioa of hydrazo 
compounds : 

CeHj.NH.NH.CgH, + O = C^,.N:=N.C4Hj + H^ 

The azo-hydrocarbons are orange-red to red crystalline substa 
nhich can be distilled without decomposition, difTering in this res 
from the azoxy-com pounds. 

Experiment: A few crystals of azobenzene are heated i 
test-tube to boiling, over a free flame. A red vapour is 
which again condenses to crystals on cooling. 

The azo-compounds thus differ in their stability from the very eisil 
decomposable diazo-com pounds, which also contain the group N 
but it is in a different combination. 

By the reduction of an azo-compound, a hydrazo -compound is finl 
formed and finally an amine. 



I 



The hydrazo-com pounds are formed by the reduction of aio-c 
pounds with ammonium sulphide or zinc dust and an alkali. Zinc ( 
with caustic soda acts as follows : 

<ONa 
ONa 
They may also be fonned on the direct reduction of nitro-com] 
in alcoholic solution by zinc dust and an alkali ; this method b in 
practically on the large scale. 

The hydrazo-com pounds, In contrast with the azoxy-, and especil 
with the intensely coloured a/o-compounds. are colourless. They 
derived from hydrazine, NH^— NHj, in which one hydrogen atom 
t&e two amido-groups has been repiacci ^i-j it V-^itw3«\ioa radical. 
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basic character of hydrazine is so -weakened by the presence of the 
negative hydrocarbon residues, that the hydrazo-com pounds no longer 
possess a basic character. On oxidation hydrazo-com pounds pass over 
to azo-compounds. a reaction which lalces place slowly but completely, 
under the influence of the ojtygen of the air. The hydraro-compounda 
decompose, on heating, into azo-compounds and primary amines. 

aCjHj.NH.NH.CjHj^CjHji.NzzN.CuHj + aCuHj.NH,. 

Experiment : A few crystals of hydrazobenzene are heated in 
a small test-tube to boiling ; the colourless compound becomes 
red, azobenzene being formed. In order to show the presence 
of aniline, after cooling, the substance is shaken with water and 
the bleach ing-powder test applied. 

If the hydrazo-com pounds are treated with concentrated acids like 
hydrochloric or sulphuric acids, they are converted into derivatives 
of diphenyl:' 

C5Hj.NH.NH.CaH, = NH,.C,H,.C,H<.NH, 

p-DiamidDdipheayl ± Benxidind 

The molecular transformation takes place essentially in para position 
to the iroide (NH) groups. 

Experiment; Hydrazobenzene is covered with concentrated 
hydrochloric acid, and allowed to stand for about g minutes. 
It is then treated with water, and half the solution is made alkaline 
with caustic soda : the free benzidine is extracted several times 
with ether, the ether evaporated, and the substance crystallised 
from hot water. Leaflets of a silvery lustre are obtained. Melt- 
ing-point, 122°. The other half of the solution is treated with 
dilute sulphuric acid, upon which the difficultly soluble benzidine 
sulphate separates out 

Benzidine differs from hydraiobenzene, in that it is a strong, di-acid 
primary base. It is prepared technically, since the azo dyes derived 
fron\,il possess the important property of colouring unmordanted cotton 
fibre directly ; for most azo dyes the cotton must first be mordanted. 
The first representative of these dyes made was Congo Red, prepared 
from the b is diazo-com pound of benzidine and naphlhionic acid. In con 
sequence, the entire class of these dyes is called the '■ Coagp G-jea," 

V- pr- 36. 93 ; J- 'S63, 4S4. 
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/NH, 



i 



gH^.N^N.CwH 



SO3H 

/NH, 



^O 



In a wholly analogous manner, from o-nitrotoluene and o-nitroanisol 
are prepared o-tolidine and dianisidine, respectively. 

<CH3 yOCH3 

NH, f'^'NNH, 

H /"""* h H /''"' 



Tolidine Dianisidine 



If, in hydrazo-compounds, the para position to the imido (NH) 
group is occupied as, e.g., in p-hydrazotoluene, then the benzidine 
transformation cannot occur. 

In such cases, derivatives of o- and p-amidodiphenyl amine are 
formed through the so-called "Semidine transformation." ^ 



NH— NH 





NH, 

cScmidinc NH-< ^CH, 




^3 




CH, . CO . NH— C >-NH— NH 





CHg.CO.NH-^ N-NH— < >-NH,. 

p-Scmidine 



5. REACTION : PREPARATION OF A THIOUREA AND A MUSTARD OIL 
FROM CARBON DISULPHIDE AND A PRIMARY AMINE 

Example: Thiocarbanilide and Phenyl Mustard Oil from Carbon 

Bisulphide and Aniline 

Thiocarbanilide: A mixture of 40 grammes of aniline, 50 
grammes of carbon disulphide, 50 grammes of alcohol, and 

J a 26. 681, 688, 699: A. 287. 9:7. 
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10 grammes of finely pulverised potassium hydroxide is gently 
boiled for 3 hours on a water-bath in a flask provided with a 
long reflux condenser. The excess of carbon disulphide and 
alcohol is then distilled off, the residue treated with water, the 
crystals separating out are filtered off, and washed first with water, 
then with dilute hydrochloric acid, and finally with water. For 
the preparation of phenyl mustard oil, the crude product is used 
directly, after it has been dried on the water-bath. In order to 
obtain pure thiocarbanilide, 2 grammes of the dried crude product 
are re crystallised from alcohol. Large, colourless tablets are thus 
obtained, which melt at 154°. Yield, 30-35 grammes. If a, 
mixture of equal parts, by weight, of aniline, carbon disulphide, 
and alcohol (40 grammes of each) placed in a flask provided 
with a reflux condenser is heated, with the addition of 0.3 gramme 
of crystallised sulphur,' to gentle boiling on the water-bath for 
6 hours, a better, almost quantitative yield of thiocarbanilide is 
obtained, although a longer time is required. After the heating, 
proceed as above. 

Phenyl Mustard Oil :^ In a flask of about 400 c.c. capacity 
place 30 grammes of the crude thiocarbanilide, and treat with 
120 grammes of concentrated hydrochloric acid; the mixture is 
distilled by heating to the boiling-point of the acid, on a sand- 
bath, with a large flame imder a hood. When only about 20 c.c. 
of the liquid remain in the flask, the distillation is discontinued. 
The distillate is treated with an equal volume of water, the mustard 
oil separated in a dropping funnel, dried with a little calcium 
chloride, and distilled. Boiling-point, 223°. Yield, almost quan- 
titative. 

Triphenyl Guanidine ; The residue remaining in the flask after 
the distillation with hydrochloric acid is treated with 100 c.c. of 
water, and then allowed to stand for several hours, when colourless 
crystals of triphenylguanidine hydrochloride separate out. These 
are filtered off, and warmed with some dilute caustic soda solution. 
The salt is decomposed, and the free base obtained, which on 
lecrystalhsing from alcohol forms colourless crystals. Melting- 
point, 143°. 
■'a-.Maads- "0.15,986. Z,ia6g,t;6q. 
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l 

^^H Carbon disulphide acts upon primary 

^^B nuclcusj to form symmetrical disubstituted thioureas, 



CSSH 



2 CaH, . NH, = C=S + H,S. 

\nH.CbH, 

Diphcnyl thiouiea = ThiouibiuuIidB 



By the addition of caustic potash the elimination of hydrogen sul- 
phide is facilitated, so that the reaction takes place in a shorter time 
than without the use of the alkali. 

From the thioureas thua obtained the mustard oils may be prepared 
by heating with acids, as hydrociiloric acid, sulphuric acid, phosphoric 
acid. The reaction lakes place in accordance with the following 
equation ; 

/Inh.c^HjI 

\n[hJ CjHi Phenyl muiUrd oU 

The primary amine formed In addition to the mustard oil comblcei 
with the acid. Besides this reaction a second one takes place, * 
the amine formed acts upon some still undecomposed thiourea, n 
iDg in tha formation of a guanidine derivative : 



^' 



■NH.CoHs 
\nH.C„Hs 

yNHj 

Since guanidine C^NH i 



'NH.CjH, 



^ 



1 extremely strong base, which, H 



caustic potash and caustic soda, absorbs carbon dioxide from the li 
the introduction of the three negative phenyl groups in the above a 
pound has not neutralised the basic properties entirely, and it still h; 
the power to form salts. 

The aromatic mustard oils are in part colourless liquids, in part a 
tallisable solids, tlie lower members are easily volatile with steam, ai 
possess a characteristic odour. In chemical behaviour they ai 
active. If they are warmed for a long time with an alcohol, they a 
bine with the alcohol, addition taking place, and a thiouretbane k 
formed: 

CjHj.NCS + CiHj.QH = C^H,. NH , CS.OC,H, 
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In the same way, ammonia and primary bases are added wilh the 
ibnnation of a. thiourea: 






C,H..NCS + NH5 = CS 

\NH.CaH, 

rhcnjLduoutt* 

>NH.CgH, 
CjHj.NCS + CgHj.NH, =ds 

S-Dipheny Llhinum 



Experiment ; Treat 2 drops of phenyl mustard oil on a watch- 
glass with 2 drops of aniline, and warm gently over a small flame. 
On stirring the reaction- product after cooling, with a glass rod, 
the thiocarbanilide will solidify in crystals, from which in the 
above reverse reaction the mustard oil itself was prepared. 

By heating with yellow mercuric oxide, the sulphur is replaced by 
oxygen, and an isocyanate is furmed, wliich may be easily recognised 
by its extremely disagreeable odour; 

CflHj. NCS -f- HgO = CflHs-NCO -I- HgS. 

Pbc&yL isocyaiuu 

Experiment : Heat \ c.c. of phenyl nnustard oil in a test-tube 
with Che same volume of yellow mercuric oxide for some time, 
until the oil boils. The yellow oxide is changed to the Hack 
sulphide, at the same time the extremely disagreeable odour of 
the phenyl isocyanate arises ; the vapour of the compound attacks 
the eyes, causing tears. 

6. REACTIOH: THE SULPHOMATIOH OP AH AIHIHE 

Example : SulplianiUc Acid from Aniline and Sulphuric Acid' 

To 100 grammes of pure concentrated sulphuric acid in a dry 
flask, 30 grammes of freshly distilled aniline are added gradually, 
with shaking; the mixture is heated in an oil-bath up to 180- 
190°, until, from a test-portion diluted with water and treated 

'A. 60, 512; Joc^ i6j; rao, 13a 
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^H^23i 

^^^B with caustic soda, no aniline separates out : about 4-3 t 
^^^B heating will be necessary. The cooled reaction-mixture is poar« 
^^^H with sdmng, into cold water, upon which the sulphanilic acid'l 
^^V separates out in crystals. It is filtered off", washed with water, and I 
^^V recrystallised from water, with the addition of animal charcoal, if ^ 
^^ necessary. Yield, 30-35 grammes. 

When an aromatic compound is treated with sulphuric add, a por- 
tion of the be nzeoe- hydrogen is replaced by a sulphonic acid group, 
the reaction taking place in accordance with the equation below. The 
aliphatic compounds do not react in a similar manner. Under the 
preparation of benzene sulphonic acid, the details of the reaction will 
be discussed. 

yOH /NH, 
C^Hj-NH^ + ^s =QH, +H^ 
X)H ^SOjH 

p-AmidobcnicDcaul phonic idd — 

In the above esample, it happens, as in many cases, that the sulphonic 
add group enters in the para-position to the amido-(NH,) group. 
The araido sulphonic acids are colourless crystallisable compoundf 
melting with decomposition ; they possess acid properties, i.e. in dis- 
solving in alkalies. The basic character of the amine is so greally 
weakened by the introduction of the negative sulphonic acid group that 
the amido sulphonic acids cannot form salts with acids. They differ 
/NH, « 

\CO.OH. 



I 



tn this from the analogous carbonic adds ( e.g., CjH. 



dds Ui 



dissolve in both acids and alkalies. 

The amido-sulphonic acid.'i, since they are derivatives of a primaiy 
amine, may like them be diazotised by the action of nitrous acid ; upon 
this fact depends their great technical importance. If the diazo-com- 
pounds thus obtained are combined with amines or phenols, aio dyes 
are formed which contain the sulphonic acid group, and in the form 
their alkali salts are soluble in water. Sulphanihc add partii 
and Its isomer, metanilic acid, obtMned by the reduction of 
benzenesul phonic acid, as well as the numerous mono- and poly-sul- 
phonic acids derived from n and fi naphthyl amines, find extensin 
I tefhaka.] application \n tiic maaoiattMift ot ajo dye*- 



i 
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T. REACTIOR: REPLACEMENT OF THE AUISO- AHD DIAZ-GROUPS 
BY KYDHOGEN 

Example : Benzene from Aniline 
Dissolve s grammes of aniline in a mixture of 15 grammes of 
concentrated hydrochloric acid and 30 c.c. of water ; cool with 
ice, and treat with a solution of 5 grammes of sodium nitrite in 
15 c.c. of water, until iree nitrous acid may be recognised with 
starch- potassium -iodide paper. The diazobenzenechloride solu- 
tion thus obtained is allowed to flow carefully into a solution of 
lo grammes caustic soda in 30 c.c. of water contained in a 400 c.c. 
flask which is well cooled with ice. Further, dissolve zo grammes' 
of stannous chloride in 50 c.c, of water, and treat this solution 
with a concentrated solution of sodium hydroxide (2 parts to 3 of 
water), until the precipitate at first formed (stannous oxide) is 
redissolved in the excess of the alkah. Treat the alkaline diazo- 
benzene solution, weU cooled with ice-water, gradually with small 
portions of the sodium-stannous oxide solution, previously well 
cooled, waiting after each addition until the lively evolution of 
nitrogen has ceased before adding more. When all the reducing 
liquid has been added, the flask is connected with a condenser, 
and the liquid heated to boiling. The benzene formed passes over 
first, and is collected in a test-tube. By a careful distillation from 
a small fractionating flask (without condenser), it is obtained per- 
fectly pure. Boihng-point, 81°, Yield, 3-4 grammes. 

As already mentioned, under the preparation of methyl amine, the 
behaviour of the a]iphatic primary amines toward nitrous acid is very 
different from that of the aromatic compounds. While the former yield 
alcohols with the elimination of nitrogen, the latter, in a mineral add 
solution, under the influence of nitrous acid, yield diazo -compounds, 
discovered hy Peter Griess,' in the form of their mineral add salts. 
CHj . NHj + NOOH = CH, . OH -f N, + H,0 

CoHs . NHj 4- NOOH -H HCl = C.Hj . N=N . Q + 2 H„0 

Diuobeii£cnc chloHile 

It has been held that the mother substance of the diazo-com pounds, 
—free diazohenzene — possessed the constitution: 

CjHj . N=N - OH 
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In accordance with which the diazo salts were expressed by : 

CgHg . N^N . CI = Diazobenzene chloride, 

CgHg . N~N . NO3 = Diazobenzene nitrate, 

CgHg . N:=N . O . SOg . OH = Diazobenzene sulphate. • 

More recently this view has been abandoned, and the one proposed 
earlier by Blomstrand taken up. It is, however, not accepted generally' 
According to this conception the above salts are represented thus : 

in m m 

v/N v^N v^N 

CeH,.Nf ; CeH^.Nf ; QH^-Nf 

\C1 XnOs \o . so, . OH 

In accordance with this view the diazotising process consists in re' 
placing the three hydrogen atoms combined with a nitrogen ato» 
having a valence of 5, by a trivalent nitrogen atom : 



CeH,.N: 



Z 



H 
H 
H 



ID 

+ N OOH =2 HJO-^-CMyNf^ 

\C1 




CI 

Aniline hydrochloride 

To emphasise the similarity to ammonium compounds, in which the 
valence of the nitrogen atom is probably 5, the diazo salts are called 
diazonium salts. The diazo-compounds can also form double salts, e.g.: 

CgHg . N=N . CI . AuClg and (CgHg.NziN.COa.PtCl^ 

Diazobromides have the power of taking up two atoms of bromine to 
form perbromides : 

CgHg . N=N . Br + Brg = CgHg . Nj . Brg 

Diazobenzene perbromide 

Experiment : Dissolve i c.c. of aniline in an excess of hydro- 
chloric acid, diazotise as above, and add i c.c. of bromine dissolved 
in a water solution of hydrobromic acid, or in a concentrated 
solution of potassium bromide. A dark oil separates out, from 
which the solution is decanted. It is washed several times with 
water ; on cooling, it solidifies to crystals. 

If ammonia is allowed to act on the perbromide, diazobenzendmide 

is obtained : 

/N 

CeH^ . NBr . NBr ^ -\- ^^» = e^^ .^ Vv ^va,x 
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Experiment: The perbromide just obtained is covered with 
■Vaier, and concentrated ammonium hydroxide added to it. A 
"vigorous reaction takes place with the formation of an oil possess- 
ingia strong odour (diazobenzeneimide). 

Under the inBuence of alkalies the diazooiuni compounds yield salts, 
thus acting like acids. 

CoH5-Nj.Cl + 3NaOH = CoHj.N3.0Na+ NaCI + H„p 

These can exist in two Uomerk modifications. The one primarily 
obtained is characterised by (he fact that in alkaline solution it unites 
with phenols to form azo dyes ; while the second modification obtained 
by a longer action of (he alkali, at higher temperature if necessary, does 
not possess thb property al all, or only in a slight degree. If they 
(the latter) be treated with acids, they are converted back into the 
diazonium salts, and now have the property of combining with phenols 
in alkaline solutions. 

The view of Hantzscfi is that the salts in which the diazonium com- 
pound behaves as an acid, are not derived from diazonium hydroxide, e£. : 

HL _ _. « A 



but they are derived from a compound having the following constitution : 

CeHj . N = N - OH 

Consequently, for metallic salts, the first formula must be modified. 

The differences underlying the constitution of the two metallic salts 

are due to stereoisomerism, e.g. : 

QHj.N CaH,.N 

NaO . N N . ONa 

Unites wilb pbenols Dou DDl unilc with phciiok 

The principles underlying the space arrangement of the three valences 
of nitrogen, as illustrated in these examples, will be discussed under 
Benzophenoxim. Compare Hantzsch : " Die Diazoverbindungen " (Stutl- 
gart,i902),a!so Hanizsch : "Slereochemie" (aEd.), p. 142. Thesalts 
of the diazo-compounds formed with acids are, in most cases, colourless, 
dystallisable substances, easily soluble in water, insoluble, v& «.^«x> 
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In order to prepare them in the solid conditioiiy Tarious methods my 
be used. Thus, e.g., the very explosive diazobenzene-Ditrate may be 
obtained in colourless needles by condoctiiig gaseous nitrous add into 
a well-cooled pasty mass of aniline nitrate and water^ and treating the 
diazo-solution with alcohol and ether. In general, the solid diazo-salts 
may be prepared by adding to an alcoholic sc^ution of the amine that 
acid the salt of which is desired, and then treating the well-coded mix* 
ture with amyl nitrite : * 

QH3 . NHj + NO^ . QH^i + HCl = CgHj . N=N . Q + QH^i . OH +H,0 

Amyl nitrite Amyl alooh<J 

If the solid diazo-compound does not separate out at once, ether is 
added. On heating, the dry diazo-salts decompose either, as in tbe 
case of diazobenzene nitrate, with explosion, or a sudden evolution of 
gas takes place without detonation. A few diazo-compounds are so 
stable that they may be recr}'stallised from water. 

In rare cases only, in working with diazo-compounds, is it necessaiy 
to isolate them in a pure condition ; generally^ the very easily prepared 
water solutions are used. These compoimds were formerly obtained 
by passing gaseous nitrous acid into a salt of the amine imtil it was 
diazotised. But at present this method is employed only in rare cases; 
the free nitrous acid obtained from sodium nitrite is used. In order to 
diazotise an amine, a solution of it in a dilute acid — most frequendy 
hydrochloric acid or sulphuric acid — is first prepared. Theoretically, 
two molecules of a monobasic acid are required to diazotise one mok' 
cule of a monamine : 

C,H, . NHo + NaNOg + 2 HCl = CgH^ . N2 . CI + NaCl + 2 HjO 

but an excess is always taken, — not less than three molecules of hydro- 
chloric acid or two of sulphuric acid to one molecule of a monamine. 
In many cases, the hydrochloride or sulphate of the amine is difficuldy J 
soluble in water. Under these conditions, it is not necessary to add | 
water until the salt is entirely dissolved, but the solution of the nitrite 
may be poured into the pasty mass of crystals ; when the undissolved 
salt is diazotised, it passes into solution. For the diazotisation of one 
molecule of a monamine, one molecule of sodium nitrite is necessary. 
theoretically ; but since the commercial salt is never p>erfectly pore it 
is advisable to weigh off from 5-10 % more than the calculated amocni. 
and to determine by the method given below when a sufficient qaanntt 

^ a 23. 2994- 
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this has been added. The niiritr w «^isstM^vs^ ^t^ ts:^«>i-. gvi^«»^r>lh 

3-10 parts of water to i pan ot s^lt. The yyUuic :i.xIini.Mi m«ri 1.,- 

added gradual!}' to the amine sohition. and ihr \U\s\'u\ nui9« n.^t ^•> 

allowed to become warm. In many casrs. (hr r\)uttin^ni»'t <« i^O. n 

"Voo careful, in that he cools the amine sohtiiiMt wUh a Utf>\ns^ mU«Mt^, 

9Uid adds the nitrite solution drop by iltop fmin c^ qr-pnintlMg rnMtiMt 

frequently it is sufficient to place the Nfiliitinii In a \\:»\^t fifvitt (]\\u,] 

^th cold water, or ice is thrown into thr wafri. m ific fitniti*. ciilMilittt 

is cooled by ice. It is very convcnicrnt f<i tmA iIk- ctinU'iii. imt r*',tft 

"without, but by throwing into it from f irnr !<» ttrnc (jfnnl) |(]t.f ..«. t^f ]».«. 

The nitrite solution may be ypir-A 'Jifrtly fr',»« a fjpclr ;r «»... «*m> 

tion causes evolution of ;r;t^ ^jfyU** '/r yit't'rttv, 'ft n}*r*fr r»'i'i »».#» 

temperature of the solT3Tio7j ;:;v^* V, Jvw»7*/! >-.': •'«■ /:»f'«. -.^T' ..'J ^^.^f* 

slowly. In order to b* v/i^rvw.v '/••;• *.-/.•;* */* *':*. f«. »/.*,■•. >c f.v; 

as to be able to dir-er'/.v'.i* v;*.*", ■* ^ 'y^.yyjfA/: ^*ji^'''.-2r'f->«':-^v" ^.- >^a 

paper, prepartsi ii vjr!*vv ». ?5 Wf*/; 

Apiece of inartii :.u» w.?.* -vr * x»3 .«? n-.^.*!-; yv- »».•■.:/%/ a^^a ,^^a*^ -^ 
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In anter imv it fUif.-J;** -^ .^.'.r,-, 1.^ ^/-ir'* ^;, •:-.. . :.. • 
ft VTlll s ■.miJi >.^.-t'.-.-- / 'i ..r-:-n ,.,...:,^ ,. ^ . > »•,. ,t 

Sium-/Lli:?/- jr.^r f '-.^ ,~: j ^ :..._,.. . .1 
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t£a5 JoM^ i*»t/./> ■ \iy\-o, . C ^.. , :*.— ., : . , ,1 t . , _ . .... 
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<|£ th& ^:rrl^A 1 nliiti.ii. ,,».>,. ■• 

r , ...... 
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weighed-off qnantily of sodium nitrite is apparently e 
Complete tlie diazotLsatioD, and that even after the addition of a &i 
quantity, the test will not show the presence of ottrous add. 
phenomenon has its cause general])* in the foct thai the add (hydro- 
chloric or sulphuric) has been used np. and consequeotly the q 
cannot enler into the reaction. Thus, in case the weighed-off amount 
of sodium nitrite is not sui^icient. some add is first added to a small 
portion of the liquid, and this is then tested to deteratine tcfaether tbe 
desired reaction has taken place. Further, often the diato-solalioi 
becomes doudy toward the end of the reaction, or a pred|Ht«te wf* 
tales out. Thb is the diazoamido-compound ; its formatioQ b ^ 
caused by the lack of free add. On the addirion of acid and si 
of the nitrite, the precipitate disappears The repUcement of iIm 
diazo-group by hydrogen in the above reaction takes place in accent 
ance with the following equation : 

QH,.N,.0H + Hj = C,H,-^N, + H,O' 

In this way it is possible in many cases to replace a primarv anido- 
group by hydrogen. Obviously, such a reaction is superfluous, if, u 
in the above case, the amine is obtained by the nitiatioa of the hydr^ 
carbon and the reduction of the nitro-compound. But there are ca«i 
in which an amine is not obtained in this way, and where it is 
importance to prepare the amido-free compound (see bclon). 

The replacement of a diaio-group by hydrogen may be effected bl 
other redudng agents. If, e.^., a diaio-compound is boiled ■" 
alcohol, the latter is converted into aldehyde, thus liberating I 
hydrogen atoms, by which the diaxo-compouod is reduced: 



The reaction is effected either by conducting ^iseous nitrous add iU 
the boiling alcohol solution of the amine, or by beating the 3: 
alcohol saturated with ethyl nitrite; or the boiling alcohol solution of llu 1 
amine, acidified with sulphuric acid, may be treated with sodium nitrite. 

At this place, two examples may be mentioned which illustrate the 
theoretical as well as the practical value of the reaction : by the oxid)- 
tion of a mixture of aniline and p-toluidine, there b formed a complti 
dye, para-ftichsine, the constitution of which was unknown for a long 
time. This was first explained by E. and 0. Fischer. They hwirt 
the diazo-compound of the leuco-base of the dye, paialeucaniline mti 
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afeohol, iduch gave Ac mother substance — the hydrocarhon triphrnvl 
mctbanc (A. 194. 270). 

As an example of the preparation value of the reaction, the fi^lKuvin^ 
^caae is died : 

No method is known by which m-nitrotolueno can lie piopaiTii imi a 
tge scale by the nitration of tuluene; this n\sults in tho fimnalion ol 
the o- and pcompounds mainly. In order to obtain the ni-nilrotohnMio, 
the starting-point is p-toluidine. This is nitrated, upon which a nilm 
tokudineof the following constitution is obtained : 

CH, 




If the amido-group is replaced by hydiogt^n, using the method last 
described, the desired m-nitrotoluene is obtained. 

By boiling a diazo-compound with alcohol the iciutdon may tjkc place 
in a different way ; at times the diazo-grouj) is luA Rpl.iccd by iiydn^gen, 
but by the ethoxy (-OC^Hj) group, thus giving rise to a phenol etlier. 

X .N^N.SO^H + CjjH^.OH = X.OC.Ji. ^ N^ + H^^SO, 

In conclusion, special attention is called Uj the fact that not only 
aniline and its homologues can l>e diazotised, but all the derivatives of 
these, as the nitro-amines, halogen-substituted amines, amino-aldfi^ 
hydes, amino-carbonic acids, etc. 

8. REACTKHV: REPLACEMENT OF THE DIAZO-GROUP BY 

HYDROXYL 

ExAMPLK : Phenol from Aniline 

IVror 20 grammes of concentrated sulphuric a<:id as rapidly as 
possible, with stirring, into 50 grammes of water; to the liut 
tohition add 10 grammes of freshly distilled aniline, with stirring, 
by allowing it to flow down the side of the beaker, tiieii add 
100 c.c. of water. After the hot liquid has been cooled by ioi- 
mersion in cold water, it is treated with a solution of ^.5 grammes 
of sodium nitrite in 40 c.c. of water, until it shows a blue s|jot <ju 
starch-potassium-iodide paper. The diawbenzene sulphate soiu- 
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P^^*<*]ed with ice-water is gradually treated with a solution of 8.$ 
^*^^inmes of sodium nitrite in 40 c.c. of water, until a test will give 
^ lilue colour to the starch -potassium -iodide paper. The diazo- 
^^lution is then treated in a flask, not too small, with a solution of 
f * S grammes of potassium iodide in 50 c.c. of water, the mixture ia 
' ^ilowed to stand several hours, being cooled by water, finally it is 
. Semly heated on the water-bath until the evolution of nitrogen 
, '^^eases. The liquid is made strongly alkaline with caustic soda or 

*a.«stic potash, and the iodobenzene distilled over with steam ; 

^'he steam delivery tube should reach almost to the bottom of the 
'flask. The iodobenzene is separated from the water in a dropping 
'- iiinnel, dried with calcium chloride and redistilled. Eoiling- 
point, 189-190°. Yield, about 20 grammes. 

If a diazoiodide is heated, the diazo-group b replaced by iodine, the 
"^tCaction taking place smoothly in most cases. 

» \ CeH5.Nj.r = C^Hj.I + N, 

** Tfac reaction is effected by diazotising the amine in a hydrochloric add 
^ or sulphuric acid solution, and then treating it with potassium iodide. 
^ From the diazochloride or diazosulphale there is formed a diazoiodide, 
^ file reaction, in many cases, taking place at the ordinary temperature; 
^- In others, on heating, as above. Since the reaction occurs without 

^fficulty, it is used as the method of preparation of many iodides. 
' The aromatic iodides (iodine in the nucleus) possess the noteworthy 

property of combining with two atoms of chlorine, the iodine previously 
r^uvalent becoming trivalent : 



iPERiMENT : A portion of the phenyl iodide obtained is dis- 

ve times its volume of chloroform, the solution is cooled 

ice water, and a current of dry chlorine is passed into it from 

y wide delivery tube, until no more is absorbed. The crystals 

rating out are iiltered off, washed with a fi-esh quantity of 

loroform, spread out in a thin layer on a pad of filter-paper, 

led to dry in the air. 
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If caustic soda is allowed to act on an iodochloride, the two chlorim 

atoms are replaced by one oxygen atom, and an iodoso-compound is 

obtained : 

CgHg . IClj, + HgO = CgH^ . I— O + 2 HCl 

lodosobenzene 

Besides this reaction another takes place, resulting in the formation of 
an iodonium base. This formation is probably due to the fact that a 
small part of the iodosobenzene is oxidised to phenyl iodite, and this 
condenses with iodosobenzene, iodic acid being eliminated : 

/OH 
CeH5.I<( +I02.CeH,=CeH5-I-CeH, + HI03. 
\0H I 

Hypoth. lodoso- OH 

benzene hydrate Diphenyliodonium hydroxide 

This base is present in the alkaline solution filtered off from the iodoso- 
benzene. If the filtrate be treated with sulphur dioxide, this reduces 
the iodic acid to hydriodic acid, which, combining with the iodonium 
base, forms an iodide insoluble in cold water : 

HIO3 + 3 SO2 = HI + 3 SOg 

I =CeH,-I-CeH, + H20 

[qh+hI i J 

I 

Experiment ; The iodochloride is carefully triturated with dilute 
caustic soda in a mortar (for i gramme of the iodochloride, use a 
solution of 0.5 gramme sodium hydroxide in 4 grammes of water), 
and allowed to stand over night. The iodosobenzene is then 
filtered off, washed with water, and pressed out on a porous plate. 

The alkaline filtrate is treated with a solution of sulphur dioxide 
until it smells strongly of it. The precipitate formed is filtered 
off and dissolved in hot water. On cooling, colourless needles of 
diphenyliodonium iodide are obtained. 

The iodoso-compounds have the power of uniting with acids to form 

<OH 
OH 

Experiment : Several grammes of iodosobenzene are dissolved 
with heat in as small a quaiv\.\\.^ of glacial acetic acid as possible,* 



i 
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the solutioji is evaporated on the water-bath to dryness, in a walch- 
glass, or shallow dish. Tlie solid residue is pulverised and re- 
crystallised tcoai a little benzene, lodosobenzene acetate is thus 
obtained, 

<OOC.CHg 
OOC.CHj 

in the form of colourless prisnas, melting at 157°. 

Tbe iodoso-compouads, on treatment with hydriodic acid, are reduced 
to iodides, with aseparation of iodine. 

CjHj. ;0 + z HI = CflHj.I + Ij'+ HjO 

This reaction is used for the quantitative determination of iodoso- 
oxygen. 

ExFERmeNT : Some potassium iodide is dissolved in water, 
acidified with dilute sulphuric acid, or acetic acid, and a few 
grains of iodosobenzene are added. The iodine separates out as 
a brown precipitate. 

If an iodo30-com pound is heated carefully to 100°, it passes over to 
an iodite {yodoverbindiiiig) : 

3CsHj.IO = CaH5.IO,.+ CaHs-I 

rticnyl iodile Phenyl iodiJe 

The same compound may also be obtained by treating an iodoso- 
compound with steam. 

Experiment : Iodosobenzene is treated in a flask with enough 
water to form a thin paste. Into this steam is conducted (appa- 
ratus for distillation with steam), until no more phenyl iodide 
passes over with the steam and all the iodosobenzene has been 
dissolved. If the phenyliodite formed does not dissolve com- 
pletely, water is added until solution takes place. The solution 
is then evaporated on the water-bath nntil a test-portion cooled 
off yields an abundant crystallisation of phenyl iodite. 

The iodites, like the iodoso- compounds. putF up and suddenly decom- 
pose on heating. (Try it.) They also abstract iodine from hydriodic 
acid, and in double the quantity as compared to the similar action of 
the iodoso-compounds. 
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QH, . IO2 H- 4 HI = CeHJ + 4 1 + 2 HgO 

They do not form salts with acids. 

The iodonium bases ^ are prepared most conveniently by the action 

of silver oxide on a mixture of equal molecules of iodoso and iodite 

compounds : 

m 
CeH, . 10 + CeH, . IO3 + AgOH = QH, . I . CgH^ + AglO, 



OH 

They are soluble in water, show a strong alkaline reaction like the 
sulphonium and ammonium compounds, and give with halogen hydracids 
precipitates of the corresponding salts. If the dried salts be heated, 
they decompose into two molecules of the hydrocarbon substitution 
product, e.g.: 

ni 

QH5 . 1 . CgHg = 2 QHgl 

I 
I 

I 

Experiment : The diphenyliodonium iodide obtained as a by- 
product in the preparation of iodosobenzene is heated carefully in 
a test-tube over a small flame. Suddenly the substance begins to 
melt in one place; the fusion increases, without the need of 
further heating, and the whole mass boils up. lodobenzene, easily 
recognised by its odour, is obtained. 



10. REACTION: REPLACEMENT OF A DIAZO-GROUP BT CHLORINE, 

BROMINE, OR CYANOGEN 

Example : p-Tolyl Nitrile from p-Toluidine 

Dissolve 50 grammes of copper sulphate in 200 grammes of 
water in a 2 -litre flask by heating on the water-bath ; then add 
gradually, with continuous heating, a solution of 55 grammes of 
potassium cyanide in 100 c.c. of water. Since cyanogen is evolved, 
the reaction must be conducted under a hood, with a good draught, 
and the greatest care taken not to breathe the vapours. 

While the cuprous cyanide solution is further gently heated up 
to about 60-70° on the water-batb, the diazotoluenechloride solu- 

J B. 27, 426, 502, and 159a. 
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tion is prepared m the following way : 20 grammes of p-toluidine 
are heated with a mixture of 50 grammes of concentrated hydro- 
chloric acid and 150 c.c. of water until solution takes place ; the 
liquid is then quickly immersed in cold water and vigorously 
stirred with a glass rod, in order that the toluidine hydrochloride 
may separate out in as small crystals as possible. A solution of 
r6 grammes of sodium nitrite in 80 c.c. of water is then added 
to the amine hydrochloride, cooled by ice-water, until a perma- 
nent reaction of nitrous acid upon the starch-potassium-iodide 
paper is obtained. The diazotoluene chloride thus formed is 
floured from a flask into the cuprous cyanide solution, with 
frequent shaking. After the addition of the diazo- solution, which 
should require about ro minutes, the reaction mixture is heated 
on the water-bath for about a quarter-hour. The tolyl nitrile is 
then distilled over with the steam. This operation must also be 
done under a hood with a good draught, since hydrocyanic acid 
passes over. The nitrile distils as a yellow oil, which after some 
time solidifies in the receiver. It is separated by decanting the 
water, pressed upon a porous plate, and purified by distillation. 
If the oil will not solidify, the entire distillate may be taken up 
with ether, the ethereal solution shaken with caustic soda solution 
to remove the cresol, and tlien, after evaporating the ether, the 
residue remaining is distilled directly, or, in case it is solid, it is 
pressed out on a porous plate, as above, and then distilled. Boiling- 
point, 218°. Yield, about 15 grammes. 

The diazo-group cannot be replaced in the same way by iodine as 
by chlorine, bromine, or cyanogen. If a water solution of a diazo- 
chloride, -bromide, or -cyanide is heated, a phenol is formed, as is also 
the case on healing a diazo-sulphate ; 

CaH,.N,.a + H3O = CjHj.OH -h N^ -I- HCI 

To Sandmeyer^ we are indebted for the important discovery that, if 
the heating be done in the presence of cuprous chloride, bromide, ot 
cyanide, the reaction taking place is analogous to the one by which 
phenyl iodide is formed : 

1 B. 17, 1633 and 3650; 18, 1493 BDd 1496. 
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CH .N -Br =CH .Br +N '» «'«=?-«'"- -^ ^ 



The manner in which the cuprous salts act is not known ; ii 
case they unite first with a diazo-com pound ta form a double sal^ 
which plays a part in the reaction. 

The reaction in the above preparation of cuprous cyanide takes platt 
in accordance with the following equation : 

CuSOj + 2 KCN = CuCN, + K,SO, 
2 CuCNj = CujCNj + a CN 

In order to replace the diazo-group by chlorine or bromine, dt 
above meihod is followed exactly. A diazo-solution is first prepare^ 
and gradually added to a healed solution of cuprous chloride or b' 
With easily volatile chlorine or bromine compounds, it is desirable H 
use a refiux condenser, and to allow the diazo-solution to flow in frota 
dropping funnel. In some cases it is more advantageous not to a 
a previously prepared diazo-solution. but to proceed as follows : Tl 
amine is dissolved in an acid solution of a copper salt ; this is heaiw 
and to the hot solution, the solution of nitrite is added from a droppin 
funnel. The diazotisation and replacement of the diazo-group il 
lalies place in one reaction. If the reaction-product is not volatile w 
steam, it may be obtained from the reaction-mixture by filtering ( 
extracting with ether. 

The Sandmeyer reaction is cajiable of general application, 
the yield of the product is generally very good, for many substances 
is used as a method of preparation. It should be finally pointed o 
that by the replacement of the diazo-group by cyanogen a new c 
union takes place. 



II. REACTION; (a) HEDUCTIOH OF A DIAZO-COKPOUTTO TO A B 
DRAZINE. it) KEPLACEMENT OF THE HYDRAZINB-RADICAL 1 
BYDROGES 

ExAMPUS : (a) Phenyl Hydrarine from Aniline 
{6) Benzene from Ptaenyl Hydrazine 

(a) Add 10 grammes of freshly distilled aniline to loo c.c. 
concentrated hydrochloric acid in a beaker, with stirring ; anil! 
hydrochloride partlaUy sepaiates avft.\jvcrfi\3!a. To the 
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cooled vidi )oe,add Amir bom m ^mfipitg ftinnel, a solation ol 
10 gmnrnes of sodium nhnie in 50 cc of wxKr, nntil « test intii 
stardt-potassum-iodide paper shows free nitrous acid. In this 
case the strong ackl solution must not be brought direcUy ui^oo 
tbc test-paper, but a test-portioD is diluted with water in « iratch> 
glass and then the test applied. To the diaio-sotulion add, wiUi 
stilling, a solution of 60 grammes of stannous chloride in 50 c.c 
of concentrated hydrochloric acid cooled with ice ; a thick paste of 
crystals of phenyl hydrazine hydrochloride separates out. After 
standing several hours this is fiUered off with suction (Bllchncr 
fiinnel and filter-cloth), the precipitate is pressed firmly together 
on the filter with a pestle ; it is then transferred to a small llnsk 
and treated with an excess of caustic soda solution. Free phenyl 
hydrazine separates out as an oil, it is taken up with ether, the 
ethereal solution dried *ith ignited potash, and the ether evap- 
orated. For the later experiments the phenyl hydraxlnc thui 
obtained can be used directly. If it is desired to purify the sub- 
stance, the best method is to distil it in a vacuum, or it can be 
cooled by a freezing- mixture, and the portions remaining liquid 
are poured off. Yield, about 10 grammes. 

Since the diazotisation in a strong hydrochloric acid solution 
as well as the filtration of strongly acid liquids is liable to mis- 
carry, it is better to perform the experiment as follows ; nia.solve 
10 grammes of freshly distilled aniline in a mixture of 30 grammes 
of concentrated hydrochloric acid and 75 c.c. of water and dinio- 
tise it with a solution of S grammes of sodium nitrite in 30 c.c. 
of water, the beaker being cooled with ice-water. The diazo- 
Bolution is saturated with finely pulverised salt (about 30 grammes) 
with shaking ; the solution is poured off from any undissolved uall, 
and being cooled with ice is treated with a cold Bolullon of 60 
grammes of stannous chloride in 25 grammes of concentrated 
hydrochloric acid. After several hours' standing, the phenyl- 
hydrazine hydrochloride separates out, this is filtered off with 
suction, washed with a little saturated salt noUition, pressed out 
on a porous plate, and treated as above. 

{6) In a i-litie flask provided with a dropping funnel and a 
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denser (Fig. 68) 150 grammes of water and 50 grammes of cop- 
per sulphate are heated to boiling, then from the funnel add^ 
gradually a solution of 10 grammes of free phenyl hydrazine in 
a mixture of 8 grammes of glacial acetic acid and 75 grammes of 
water. The oxidation of the phenyl hydrazine proceeds with an 
energetic evolution of nitrogen ; the benzene is immediately dis- 
tilled over with steam and collected in a test-tube. By another 
careful rectiUcation from a small fractionating flask (without COQ- 




s obtained. Yield, . 



denser), pure benzene, boiUng at S 
5 grammes. 

Monosubstituted hydrazines of the type of phenyl hydrazine may 
be obtained according to the method of V. Meyer and Lecco,' bf 
reducing the diazo-com pounds with stannous chloride and hydrochloric 

CoH^.Nj.Cl + a H„ = C„Hj.NH.NHj,HCl 

PbCDyl hydrazine hydrochlar 

The reaction is always conducted as above : The amine 
in a strong hydrochloric acid solution, and then a solutioi 
chloride in strong hydrochloric acid is added to it. Since the hydii>^ 
chlorides of the hydrazines are difficultly soluble in concentrate^ 
bydrocliloric acid, these separate out directly on the addition c 

IB. 16, 3976. 
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stannous chloride, and can easily be obtained pure by filtration, as 
above. 

The reduction of the diazo-compounds to hydrazines may be ac- 
complished by the method of Emil Fischer ^ which led to the dis- 
covery of this class of compounds, and also by another method. If 
neutral sodium sulphite is allowed to act on a diazo-salt, the acid 
radical of the diazo-compound is replaced by a residue of sulphurous 
acid, e.g. : 

CgH^ . Ng . CI + NaSOa • Na = C^H^ . N5, . SOgNa -f NaCl 

Sodium diazobcnxeoetulphooflt« 

If this salt is now reduced with sulphurous acid, or with zinc duHt 
and acetic acid, it takes up two atonw of hydrogen and in converted 
into a hydrazine sulphonate : 

If this is heated with hydrochloric add^ i\uti m\p\umk fuM S^ro^j^ U 
split off, and phenyl hydrazioe hydrocU\ori4^ U U)rim4f wM'cb; on 
evaporation, crystallises out : 

Aocordii^ to thk s»ethod« wiik^ U 4ow4v> Wi ^^w^ thm 4^ 
former, phenyl hjdrazaJOke » pr^par^ <m ^ 1^4 i^ t^ioi^- 

The nx>scHrab6tituied hy^^xi$n^ j><^«M;i4:^ '4. i/^k ^i^i^Jj^ ; }u i»^te 
of the fad Hat tikey cotntaJba two amm^ofm ii:^jldu«4>; ^y ajm^^M^ wkb 
only one iBoflecak <^a mQ»><^bsnm »^, z-^- / 

Vheaay^ hydeazxvtt x^eact^ with aldehydes and ]m^j()oju^ the ivfx) hy4^' 
gtn atoms of the aQAi<k>':^Oup^ unite with the Q^yi^ d^m *4 t;he 
CHO- or CO^oups, and are elinainaled ai> water : ^ 



^J^*^,^' *». )L7,^». 



^^^ This reaction can be used for the recognition and detection A ^m 
aldehydes and ketones. In order to prepare a hydra/one, formerly l^H 
solution of [ part of phenyl hydrazine hydrochloride and i^ parts ii^| 

^^^ crystallised sodium acetate in lo parts of water was used as a reagent. ^P 



reaction can be used for the recognition and detection d i 
aldehydes and ketones. In order to prepare a hydra/one, formerly » 
solution of [ part of phenyl hydrazine hydrochloride and i^ parts lil 
crystallised sodium acetate in lo parts of water was used as a reagent. T 
If this is added to an aldehyde orketone, there is formed, in many cases 
at the ordinary temperature, but in others only on heating, the hydra- 
lone. Since, at present, perfectly pure free phenyl hydraiioe may be 
purchased in the market, a mixture of equal volumes of phenyl hydra- 
zine and 50 % acetic acid, diluted with three times its volume of water, 
is used as the reagent. 

Experiment: To a mixture of 4 drops of phenyl hydrazine and 
5 c.c. of water, add 3 drops of glacial acetic acid. To this is 
added 2 drops of benzaldehyde (from a glass rod), and the mix- 
ture shaken. At first there appears a milky turbidity, but very 
soon a flocculent precipitate of benzylidenephenyl hydrazone seps- 
rates out. The smallest quantity of benzaldehyde may be recog- 
nised in this way. 

Phenyl hydrazine is of extreme importance in the chemistry of 
sugars for the separation, recognition, and transformation of the 
ferent varieties of the sugars. Without (his reagent, the fundamenal 
explanations of the last few years in this field coidd scarcely have beca 
made. If one molecule of phenyl hydrazine is allowed to act on one 
molecule of a sugar, a norrnal hydrazone is formed, e.g. -■ 

CH2.0H(CH.OH)4.CHO-}-CaHj.NH.NH, 

Gwposupu = CHj.OH(CH.OH),.CH -1- H,0 

N-NH.C,H, 
But if the phenyl hydrazine is used in excess, it acts as an oxidising 
agent toward the sugar, extracting water, f.^., in the above east^ 
one of the secondary alcohol (CH.OH) groups adjoining the alde- 
hyde (CHO) group is oxidised to a ketone group, which again reacts 
with the hydrazine. The compound thus obtained is called an "Osa- 
zone." In the above example, there is obtained a compound of this 

j.C— CH=N.NH.CoH, 



■1" 

'4 
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If {his compound is heated with hydrochloric add, it acts in the 

s all hydrazones, and phenyl hydrazine is eliminated ; the 

■'original unchanged sugar is not formed again, but an oxidation product 

t is obtained, a so-called " Osone." In the example selected, the 

CH,.OH.(CH.OH)a.CO.CHO. 

If this compound is treated with a reducing agent, the aldehyde 
group and not the ketone group is reduced, and the original sugar is 
not obtained: 

CHa.OH(CH.OH)3.CO.CHi.OH. 

The aldose is converted into a ketose, the grape sugar into fruit 
sugar. The general importance of the reaction as applied to the sugars 
may be inferred from these brief statements. 

Experiment : A cold solution of 2 grammes of phenyl hydrazine 
hydrochloride and 3 grammes of crystallised sodium acetate in 
15 c.c. of water is treated with a solution of t gramme of pure 
grape sugar in 5 c.c. of water, and warmed on the water-bath. 
After about 10 minutes, the fine, yellow needles of tbe osazone 
begin to separate out ; the quantity is increased by a longer 
heating. After heating an hour, the crystals are filtered off, 
washed with water, and allowed to dry in the air. Melting-point, 
205". 

Phenyl hydrazine undergoes condensation with ^-diketones and 
^-ketone-acid-esters with the formation of ring compounds contain- 
ing nitrogen — the so-called pyraioles and pyrazolones. The phenyl 
methyl pyrazolone formed from acetacetic ester and phenyl bydrazioe 
is of importance : 

CHj.Crol.CHj.COJOC^ = CH, - C^ CH,.CO + HjO + C^HfiH 
-NCoHj 

from which, by the action of methyl iodide, the important febrifuge — 
« Antipyriae" — dimethyl phenyl pyrazolone is obtained: 

CHj.C^CH— CO 

CH.— N N— C^j, 



Crol,CH3.CO|OCaH^ = C 

[hJn n|h[x(H, N- 




r 
I 



2j6 SPEOAL PABT 

If ibe primary hydtaaiiies are ba3ed witii c op pq 
chloride,' The hydraitoe radical is r^Jaccd by hydrog e U r ^mI 

obtained, «^., from phenyl hydrazine, 




4^C*A 



C^,. NH . NHj + 3 CuO = CA + N, + Hp 
C,H,.NH.SH,4-CbO =C^ + N, + Hp 

The statemeats made above cocceraiiig die n tilimiii ii[ V i &b9- 
group by hydrogen are also applicable to this reactton. If it is desnd 
lo prepare an amido-compouod from an amtdo-£«e coapoond, and if 
the direct reduction of the diaio-compound by sodium sOnaaas ondc 
or alcohol (see page 237) has been shown to be impracticable, then, h 
above, the hydrochloric add salt ot the corresponding hydrazine is jn- 
pared, ihe tree hydrazine is liberated, and oxidised with caiotic soil. 
The amido-frce substance is not always easily volatile, as in the example 
died. Id a case of this kind, the oxidatioo may be effected in an open 
vessel ; the reaction produa is obtained either by filtering or by eititaci- 
ing with ether. It may be ftoinled out here that it is more convenientl 
separate the hydrazine from the hydrochloric add salt, and subject 
to oxidation. If a hydrochloric add sail of a hydrazine 
may happen that the hydrauoe radical will be replaced by dkloDoei 

C.H,.NH.NH„HCl-0. =CoHj.a + N, + aHjO, 
which may give rise to complications. 

18. BEACTtON; (a) PREPAKATIOR OP AN AZO DYE FROM A DI£ 
COHPOUKD AND AN ABUNE. {i) BESUCTIOH OF THE AZO- 
POUHD 

Examples : (a) HeliantMne from Diozotiaed SnI^ianlUc Add ol 
Dimethyl Aniline 
(^) Reduction of Helionthlne 

(a) Dissolve lo grammes of sulphanilic acid, dried on flu 
water-bath, in a solution of 3.5 gramtnes of dehydrated sodioffl 
carbonate in 150 c.c, of water, and treat with a solution of +-I 
grammes of pure sodium nitrite in 20 c.c. of water. To tks 
mixture, after being cooled by water, is added a quantity (rf 
hydrochloric acid solution corresponding to 2.5 grammes of »■ 




i&i8.gB. 



»B.a,j^ 



AROMATIC SERIES 



25? 



Tiydrous hydrochloric acid. For this purpose, concentrated hydro- 
chloric acid is diluted with an equal volume of water, and the 
specific gravity of the dilute acid is determined by a hydrometer. 
Consult a table, to find the amount of anhydrous hydrochloric 
acid corresponding to the reading of the hydrometer. (See 
Graham-Otlo, Vol. 11 i, p. 318.)' 

Before diazotising the sulphanilic acid, a solution of 7 grammes 
p. of dimethyl aniline in the theoretical amount of hydrochloric acid 
■^prepared. Aromatic bases cannot be neutralised with hydro- 
^^■oric acid in the same way as caustic potash, caustic soda, 
^Hld ammonium hydroxide, by gradually treating with the acid and 
^Tfeting with blue litmus-paper until the liijuid h just acid. In con- 
sequence of the weak basic character of the amines, their hydro- 
chlorides still give an acid reaction with blue litmus-paper, there- 
fore an acid reaction can be obtained even at the beginning of 
the neutralisation. Red fuchsine- paper possesses the property of 
becoming decolourised by free hydrochloric acid, which converts 
the red monoacid fuchsine into a colourless polyacid salt. The 
hydrochloric acid salts of bases, on the contrary, do not produce 
this decolourisation. In order to neutralise the dimethyl aniline 
(7 grammes), it is treated with 25 c.c, of water, and, with stirring, 
small quantities of concentrated hydrochloric acid are added; 
after each addition a test b made to show whether or not the 
iiichsine-paper is decolourised. 

The dimethyl aniline hydrochloride thus obiwned is added to 
the diazo- solution, and the mixture is made distincdy alkaline by 
the addition of not too much caustic soda solution. The dye 
separates out directly ; the quantity can Ije increased if 15 
grammes of finely pulverised sodium chloride are added to ihe 
Bolurion. After filtering off and pressing out on a porous plate, 
the dye is recr>'stallised from a little water. 

1 If the specific gra^'y o* "■* liydroetikMii; acid has been detennined, ttw per. 
eenlage o( free anhydrous acid may be found wilbout a uble, bx ihe following 
calculation : The decimal numbei is mullipUed by a. and a decimal point placed 
aHei the finl two figures Ihus obtained, t^., ap, gr.-,.i34; jxiM-aSB. 
Percentage contents - a6.B- » "•« *?■ P- *» 8™*^ ll"" t-»8, & Ubta 
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Preparation of Fuchsine- Paper : A crystal of fuchsine, the size i 
of a lentil, is pulverised, dissolved by heating in loo c.c. of water, 
and the solution filtered. 

Into this immerse strips of- filter-paper 2 cm. wide ; they are 
dried either by suspending from a string in an acid-free place, 
or on the water-bath. The paper must not be an intense red, 
but only a faint rose colour. If the colour is too intense, the | 
fuchsine solution must be correspondingly diluted with water. 

Instead of the fuchsine-paper, the commercial Congo-paper ^ill 
serve, the red colour of which is changed to blue by free acid. 

(J?) Dissolve 2 grammes of the dye in the least possible amount 
of water by heating ; while the solution is still hot, treat with a I 
solution of 8 grammes of stannous chloride in 20 grammes of ] 
hydrochloric acid until decolourisation takes place. The colour- j 
less solution is then well cooled, upon which, especially if the 
sides of the vessel are rubbed with a glass rod, sulphanilic acid 
separates out : it is filtered off through asbestos or glass-wool. 
The filtrate is diluted with water, and caustic soda solution is 
added until the oxyhydrate of tin separating out at first is again 
dissolved. It is then extracted with ether several times, the 
ethereal solution dried with potash, and the ether evaporated, 
upon which the p-amidodimethyl aniline remains as an oil: on 
cooling and rubbing with a glass rod, it solidifies. 

Reactions of p-Amido dimethyl Aniline : ^ The amidodimethyl 
aniline is treated gradually with small quantities of dilute sul- 
phuric acid until it is just dissolved. Add a few drops of this 
solution to a dilute solution of hydrogen sulphide in a beaker 
which has been treated with J^ of its volume of concentrated 
hydrochloric acid. To this mixture now add several drops of a 
dilute solution of ferric chloride. An intensely blue colouration, 
due to the formation of methylene blue, takes place. 

Diazo-compounds react with amines, as well as phenols, to form the 

Azo dyes : ^ 

1 B. 16, 2235. « A. 137. 60; B. 3, 333. 
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(1) CeH, . N, . CI + CeH, . NCCH,), 

= CgH^ . NzzN . CeH^ . N(CH,), + HCI 

Dimethylamidoazo benzene 

(2) CeH^ . N2 . CI + C-H. . OH = CgH, . N=:N . CgH^ . OH + HCI 

Un presence of alkali) Oxyaao benzene 

According to. Hantzsch the reaction takes place in the following 
manner: 

CfiH, CeH,.OH CeH^CgH^OH C.H, 

I III 

N^N+ =N — N — >- NziN 

CI H CyH4 . OH 

An unstable syn-azo compound is formed first, which rapidly clianges 
into the more stable anti-azo compound. 

In accordance with these two typical reactions, the vast number of 
monoazo dyes are prepared. The great number of possible combina- 
tions can be inferred from the following considerations: In reaction 
(i), instead of diazotised aniline, other bases, like o-toluidine, p-tolui- 
dine, xylidine, cuminidine, a-naphthyl amine, /^-naphthyl amine, etc., 
may be used. In addition, the most varied derivatives of these bases, 
especially their sulphonic acids, like sulphanilic acid, metanilic acid, 
the large number of a- and /8-naphthyl amineii mono- t«> j;oiy-sulph(juic 
^acids, may also be employed. Instead of dimethyl aiiiliiie, the dia/u- 
compound can be combined or ^coupled'' with other tcrtiaiy, and in 
part also with secondary and primary amines, like diphcnyl amine, or 
m-diamines, etc In the second reaction, the diazo-compounds of the 
just mentioned bases can be employed as the btarting-puiat, and these 
can be combined with mon-acid phenols, like cresoi, naphthols, or di- 
add phenols like resorcinol, or the sulphonic acids uf these phenols, 
especially the numerous sulphonic acids of U>th naphthols. Since a dye 
must be soluble in water, and the alkali salts of the sulphonic acids of the 
dyes are more easily soluble than the mother substance containing no 
sulphonic acid groups, therefore, in the preparation of tlie azo dyes, the 
starting-point is usually a sulphonic acid. A few examples will explain 
these statements : 

I. Amidoazo Dyes 

/SO3H 
P-CeHK .CeH4.N(CH,)j^ =-- Helianthine, 

\n~n 

Diazotised sulphanilic acid + dimethyl aniliiu: 

m-C«H / . C^H^ . NH . C,;H, - Metanilic Yellow, 

\n=n 

Diazot. Metanilic acid + diphenylamiue (tecoudazy bate) 

/NH, 
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II. Oxyazo Dyes 

/SO3H 
p-CgH.C . CjoHe . OH = Orange II., 

\N=:N 

Diazot. Sulphanilic add + /3-naphthol 

/SOsH 
^io^6\ • Cio^«- OM = F^* R^ {fas^. red azo dye), 

Diazot. a-Naphthionic acid + /3-naphthol 

X)H 
CgHg . N^iN . Qy^/ = Croceine Orange^ 

^SOgH 

Diazot. Aniline + croceine acid 
(/3-Naphthol sulphonic acid) 

/OH 
(CHg) 2 . CgHg . N=N . CiqH^^ = Xylidine Ponceau. 

\(S03H)a 

Diazot. Xylidine + /3-naphthol disulphonic acid 

Concerning the constitution of the azo dyes, provided the conh 
ponents are known, the only question to solve is: which hydrogen 
atom of the undiazotised component combines with the acid radical d 
the diazo-compound (the acid thus formed being eliminated). The. 
question may be answered by investigating the reduction products d 
the azo dyes. By energetic reduction, best in acid solution with stan- 
nous chloride, the double NiziN union is broken up, thus forming, wth 
the addition of 4 atoms of hydrogen, two molecules of a primary 
amine, e.g. : 

/SO3H ySOgH ^NHo 

QH/ .CcH,.N(CH3)2+2H2=C6H/ +CflH,<; 

From this equation it is evident that by reduction, the amine which 
was diazotised — in the above case sulphanilic acid — may be obt^ned 
again on the one hand, on the other an amido-group is introduced into 
the second component. If the constitution of this second product can 
be determined, then the constitution of the azo dyes is also determined. 
It may be stated as a general rule that, when a diazo-compound com- 
bines with an amine or phenol, the hydrogen atom in the para position 
to the amido- or hydroxyl-group is always substituted. In accordance 
with this, in the above case, p-amidodimethyl aniline ought to be 
obtained on reduction. If the para position is already occupied, then 
the o-hydrogen atom unites m\)a. \\vt ^.c\^ t^L^vsaJu 



J^iOK^nC :SE30£S ,9^ 






Abo cvt& ^m^^nai craxann tud '^dmmoo^&uiir iT'/itns^^ X . Ns «i>^ 
'wlixii are caOec msr- ar lex^azD £«c&. €ML ^ pstsucoec,: T«<^ :mK)>A^ 
ntaj be caqAsm^z (i) Tlie ssarm^lKiais is jc& Joiadj^^kSk'Wv'at^NWfi^ 
'vlucii jiieadi tMimTiiff cme jbi^ ^7ziin>: ^:^ ^ i&ft»o»4. «i»^ T-Ve^i 
united vidi an amcne or plieiiaL -^^e^xidi scib^^ i$ <^^^«o^M^ in 
this vaj, br iTu— iKii^ i3ie dwiil/ihcwic aod <i MBod&tacibfmsfmt. 43^^ 
it 
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(2) Adjanrincistbestaitiii^-point; tliis Is <&iaolise<L and th« bbiUAt^ 
compound is combinrd vith two molecules of an amii^ or |>hem>lx 
To this dass bdoo^ the important dy^es of the Congo gtvHip^ pre^v^r^ 
from the benzidine bases (see page 231)^ t-^. : 



yNH, 






JMaaOL Ikniiriine + • moL «-oaphthk>nic add 

yOH 

C,H,.N=N.C,H^ 



i 



^^•^^=Chrysamlne, 



teH^.N^NXeH/ 

^ — — x:o.OH 

Diazot. Benzidine + a mol. salicylic acid 

These Congo dyes possess the noteworthy property of col(iurlfl|f 
vegetable fibres (cotton) directly, whereas, with ahtiowi nil olhrr t\fAi 
dyes, the cotton must be mordanted before dycln|<. 

In conclusion, the above dye-stuff reaction (which itmy b« UMeil tnt 
detecting the smallest amount of hydrogen Nulphldo) In tedhhlcj^lly 
carried out on the large scale, for the manufacture of the Ittipoh^ht 
methylene blue. The reaction takes place an foUowN i Vrom two tttote^ 
cules of the diamine there is split off on oxidation ¥(UU <<&tA^ ^\\vi<VS 



262 



SPECIAL PARI 



one molecule of ammonia, while a derivative of diphenyl amine is 

formed : 

yNCCHs), /N(CH^, 

C^4 CeH4 

= NH + NH,. 

I 
C.H4 

\n(CH3), 

In the presence of hydrogen sulphide and hydrochloric add, there 
is formed from this, by the oxidising action of ferric chloride, a deriva- 
tive of thiodiphenylamine, as follows : 

N(CH,), 




V«^» 



nTh] 
i 



H 



\ 






+ 



H 



+ 01 



^N(CH^,a 




NCCHg),. 
+ 



H 



a 






18. REACTION: PREPARATION OF A BIAZOAMIDO-COMPOUND 

Examples : Diazoamidobenzene from Diazobenzenechloride and 

Aniline^ 

Dissolve 10 grammes of freshly distilled aniline in a mixture 
of 100 CO. of water, and that quantity of concentrated hydro- 
chloric acid corresponding to 1 2 grammes anhydrous hydrochloric 
acid (determine the sp. gr. by a hydrometer). The solution is 
cooled with ice-water, and diazotised with a solution of 8 grammes 
of sodium nitrite in 50 c.c. of water, in the manner already 'He- 
scribed. A solution containing 10 gramines of aniline, 50 grammes 
of water, and the exact theoretical amount of hydrochloric acid is 
previously prepared according to the directions given on pages 



1 A. 121, 257. 
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256 and 257 ; this is well cooled with ice water, and added to the 
diazo-solution, with stirring. Further, 50 grammes of crystallised 
sodium acetate are dissolved in the least possible amount of water, 
the cooled solution is added, with stirring, to the mixture of the 
diazo-compound with aniline hydrochloride. After standing half an 
hour, the diazoamidobenzene separates out, and is filtered off with 
suction, washed several times with water, well pressed out on a 
porous plate, and recrystallised from ligroin. Melting-point, 98°. 
Yield, almost theoretical 

If one molecule of a diazo-compound is allowed to act on one mole- 
cule of a primary amine, the add radical of the former unites with the 
hydrogen atom of the latter, upon whidi the organic residues combine, 
as in the formation of the azo dyes. In this case, an amido-hydrogen 
atom is eliminated, so that a compound containing a chain of three 
nitrogen atoms is formed ; in the formation of au azo dye, one of the 
benzene-hydrogen atoms of the amine is eliminated : 

CeH^.Nj.a + QH^-NH, = QHa . Nz=N . NH . CgHa + HQ 

Diazoamidobenzene 

Mixed diazo-compounds may also be prepared by causing the diazo- 
derivative of an amine to combine with another aminq: 

/CH3 
C.H5. N, . a + QhZ = QHa . N=N . NH . CgH. . CH. + HCl 

NNHj 

Benzenediazoamidotoluene 

Diazo-compounds combine only with the free amines to form diazo- 
amido compounds ; the object of the addition of sodium acetate at the 
end of the reaction (see above) is to set free the base from aniline 
hydrochloride. 

The diazoamido-compounds are yellow substances which do not flin- 
solve in acids. They are far more stable than the diazo-componndn, 
and may be recrystallised without decomposition. Still, if tliry ,irn 
heated rapidly they puff up suddenly and decompose. In tlx-ir rmr 
tions they behave like a mixture of a diazo-compound and ;ifi ;ifnlii'- 
I^^^., they are boiled with hydrochloric acid, tbry drf fmipot-.f -nWU 
evolution of nitrogen, and form a phenol and an aminr- : 
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On heating with cuprous chloride and hydrochloric acid, the Sand- 
meyer reaction takes place: 

CeH, . NzzN . NH . C^H, + HCl = CeH, . Q + CgH^ . NH, + N, 

By reduction with acetic acid and zinc dust, they form a hydrazine : 

CeH,.Nz=N.NH.CeH, + 2H2 = CeH5.NH.NH, + CeH3.NH, 

But, in addition to the reaction-product of the diazo-radical, there is 
always formed one molecule of an amine. 

Under the influence of nitrous acid, they decompose, the amine 
residue being diazotised, into two molecules of a diazo-compound : 

CeH, . N=:N . NH . CgH, + HNO, + 2 HQ = 2 CeHjj . N, . ClH- 2 H,0 

If a diazoamido-compound is warmed with an amine in the presence 
of some amine hydrochloride, transformation to the isomeric amidoazo- 
compound takes place : 

CgH, . N=N . NH . CeH, = CgH^ . NzzN . CgH^ . NH, 

Amidoazobenzene 

The next preparation deals with this reaction. 

The diazo-compounds also have the power of combining with sec- 
ondary amines to form diazoamido-compounds, — the combinations 
with an alkaloid base, piperidine C^Hj^N: 

CHg 

HjC/NcHj 

NH 

are of especial value for preparations. If they are gradually warmed 
with hydrofluoric acid, they are decomposed with the evolution of nitro- 
gen into piperidine and a fluoride : ^ 

CgH^ . NziN . N . C5H10 + HFl = CgH^ . Fl + QH^N + N, 

Benzenediazopiperidine Fluorbenzene 

In this way it has been possible to prepare the aromatic fluorides. 

In accordance with the older views it was believed that the aromatic 
fluorides could not be obtained from the diazo-compounds in the same 
way in which the analogous chlorides, bromides, and iodides are pre- 
pared ; recently however they have been obtained by the direct decom- 
position of the diazo-fluorides. 
^ ■ 

J A. 243, 239. 



AROMATIC SERIES 



Example : Amidoazobenzene f ram Diazoamidobenzene 

To a mixture of lo grammes of crystallised diazoamidobenzene, 
finely pulverised, and 5 grammes of pulverised aniline hydro- 
chloride, contained in a small beaker, add 25 grammes of freshly 
distiUed aniline ; the mixture ia then heated, with frequent stirring, 
one hour, on the water-bath, at 45°. It is then transferred to a 
larger vessel, and treated with water; dilute acetic acid is added, 
until all the aniline has passed into solution, and the undissolved 
precipitate remaining is completely solid. This is filtered off, 
washed with water, heated in a large dish with a large quantity 
of water (about a litre), and gradually treated with hydrochloric 
acid until the greatest portion of the precipitate is dissolved. 
From the filtered solution, steel-blue crystals of amidoazobenzene 
hydrochloride separate out, on long standing ; these are filtered 
off, and washed with dilute hydrochloric acid, not with water. 

If aniline hydrochloride is not at hand, prepare it by adding 
aniline to concentrated hydrochloric acid, with stirring. After 
cooling, the pasty mass of crystals separating out is filtered on 
glass-wool, pressed firmly together on the filter with a pestle, and 
then spread in thin layers on a porous plate. 

In order to obtain the free amidoazobenzene, the hydrochloride 
is warmed with dilute ammonia, the firee base filtered off, dis- 
solved in alcohol by heating, and hot water is added until the liquid 
begins to be turbid. Melting-point, i a 7-1 a8°. Yield, 6-8 grammes. 

If a diazoamido-compouad is heated with an amine and some amine 
hydrochloride, it goes over to an amidoazo-compound. The most 
probable cause of the reaction Ls that the amine residue of the diazo- 
ami do-compound unites wifh a benzene-hydrogen atom of the amine 
hydrochloride, upon which the diazo-residue unites with the residue 
of the amine salt to form amidoazobenzene ; 

CaHj.N=N.;NH-C,H, + H;.QH..NHj 

'=QH5.N — N.C^H4.NU»-veiik.U«^ 
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While the amidcaznbenzene does not unite with hvdrachloric add 
the new mulecule 'it the amine tbnned in the reaction aoes. and thus 
therft Ls a iiicjlctiuie of the amine hydrochloride present, which again 
caiLses the transformation, so that a small amount of the hvcrochloride 
may transform an inderinitely large amount of the diazoamido-compoand 
It am idoazo benzene is reduced, p-phenvlene diamine ^ritl an?Ti'n^ are 
ohtainetl. The transformation accordingly results in the tbrznation of 
a comfiounii in which the amido-groups are in the para positioxu whid 
always happens when the para position is unoccupied. The amidoazo- 
compoundM possess weakly basic properties ; but if their salts are 
treated with much water, they partially disaociare. 

The am L(i(iazii benzene hydrochloride came into the market fbrmerlr. 
as a yellow dye, under the name of - Aniline Yellow."' At present, it 
is scarcely -.i.sed, but there is prepared from it. by heating with sulphuric 
acid, a mono- or di-sulphonic add* which in die £brm of its alkali salts 
finds application as a dye under the name of ■* Acid Yellow." or -Fast 
Yellow." As already mentioned under die dis-azo dves* from the 
diaz^i-com pound of this dye, ~ Biebrich Scaiief* may be made bv com- 
hi nation with /j-naphthol. Finally, the amidoazobenzene is stiU used 
for the preparation of die Induline dyes. 

15. REACTION: OZIDATIOS OF AS AMOR TO ▲ QUIHOHE 

Example: Qoiaone from Aniline '' 

To a solution of 25 grammes of aniline in a mixture of 200 
grammes of concentrated pure sulphuric acid and 600 c.c. of water 
contairie'i in a thick-walled beaker (a small battery jar), cooled 
to 5"' by being surrounded with ice, add gradually, with constant 
stirring T-ise a small motor), from a dropping funnel, a solution of 
2; s{r'immf:s of sodium dichromate in 100 c.c. of water (Fig. 69). 
.^r:0':l'i the temperature rise above 10^, the addition of the dichro- 
mate must be discontinued for a short time and a few pieces of ice 
thrown into the beaker. The reaction- mixture Ls then allowed to 
stand over night in a cool place, and the next morning it is again 
cooled and stirred, while a solution of 50 grammes of sodium di- 
chromate in 200 c.c. of water is added. After the mixtare has been 
allowed to stand until midday, it is di\-ided into two equal parts, one 
of which is worked up into quinone as follows : In a large separating 

iA. 27, 268; 45. 354; ai5,ias; ^- ^9. V^\ ^^^^AV 
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funnel one half is treated with | its volume of clhcr, aiul the IWU 
layeis thus fomied are carefully shaken together. If \\\f «Kdkillg 

is too vigorous, the layers will not readily se|)nrfttc, Aller nUitwilig 
it to stand for half an hour, the lower Inycr '» nm nlT (»pr ]Mige 
44, Separation of coloured liquids), the ethcrenl m)lilll(m i» filleml 
through a folded filter, and the ether distilled off (water-bath willi 
warm water) . The water solution is again extracted with the con- 
densed ether, and the ether again distilled from llic Kiime flHsk SA 
before. Id order to obtain perfectly pure (]uinonc, n raplil c.urffint 
of steam is passed over the crude product — it is not trcitle'J with 




J 



, the paw Tuinone in earried »»*f #f(H (he MSam' to th« 
i rewnverr, wftere it ctTstallises in (he form i^gA^K^- 
; they are filtewrf r^ff ami dried nt a rtesici^awn- 
'rtt^. VieM, T(Vi> ^mnws. 
7 anffimr tSclinvnAte j« dm m hanrl, the pot»m<TttTii mk nmy be 
naed fijr rhe Tixiftatfnn. fn this leaser. »5 ifnmmes i>f aniline .W* 
f£s9olvaI in a tnixtnr? f>f lo^gfamffift i>f «)phnric aeid aWf fe» 
cj^of »ater, then arM, m atywe, *)th stMng and good i^OdHif^ 
^5 3^3nitiies 'if pofa^wiw* OTChfr^rnartCf jWMiJeitfd tfxWftrttiy firttf. 
Oa che- ne« lay add ^o iirairtrrrCT ftf ihis srff. In<Hh<*' [Rupert*, 
proceerf .w *iwwR 
Forth* •:>'■■ 
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atom in the para position to diis axe eadi replaced by an oxjgeo 
atom, i,g.: 

CeH5.NH,-^CeHp, 

Qninone 
Toluidine Tolyl qninone 

The tendency to form quinones is so great that even in cases where the 
para position to the amido-group is occupied by an alkyl (methyl) radical, 
the latter is split off and a quinone (poorer in carbon contents) is formed. 
Indeed) in the simplest cases, like p-toluidine and asym. m-xyiidine, the 
reaction is very incomplete ; however, mesidine, as well as pseudocumidine, 
give satisfactory yields of quinones belonging to the next lower series: 



HsC-ZX-CH 



H,C-< 




CH3 

Mesidine 

NH 



Pseudocumidine 



But if the para position is occupied by an amido-, oxy-, or sulphonic 
acid-group, this is eliminated and a quinone formed : 



NH2 
NHo 



p-QH/ ' -^ C,H A 



/NHj 



/ 



■SO,H 



P-CeHZ^ 

From these methods of formation it follows that the two quinone- 
oxygen atoms are in the para position to each other. The quinone 
reBCtiott can be used in doubtfvA easels to decide whether a compound 
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^ 



belongs to the para series. The quinones can also b« <(^bt%(A<^ v^ 
easily from p-dioxy-compoands as well as from the p««ulp)\^i^te 4tfM% 
of mon-acid phenols: 

X)H 
p-CgH/ + O = CeH A + H,0 



yOH 

P-CeH/ 

^SOgH 



CqH^Oj. 
Twp formulae for the quinones have been proposed: — 



HC 



HO 





O 

I 

Hc/NcH 
HoilcH 

h 



Accordh^ to die fomer tke qomones still eomUan tKe trti« ben^ttM 
ring with ether tiiree doable or six ceatric bofid». The two o%yg^ 
atoms are only scog^ muced wi(^ the beA2eAe-<arboA a;fom% aiui ^e 
united to each, oi^er. AccordSng to the j^ecood ibrmola, the (^notie?^ 
do not cootam. t^ true bexuene ritig^ but they ^e derived fV^om ^ 
<Mhjdrobenjffiiey 




are rf^^tied- as th^ di-k'etone derivative of this. Aceordtng' tcJ- 
conception, the oTVsjferi prt^ofns are connected by two bonds, as in 
kec^ntes, w!th the c?tfh6r) ^ofns o/ the benzfene nncleos. The fat?ts 
the flr»f foffmifjr ?(re th^s^ -. In maivy twcA<w« \y:^ dt '^ii* 
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oxygen atoms are replaced by two univalent atoms or radicals. 
.g., by the action of phosphorus pentachloride on quioone, p-dichlOl 
beniene is formed, while the second formula would lead one to expert' 

tetra-chloride. In support of the second formula is the fact thai 
hydroxyiamine acis directly on quinoaes, as on ketones, with the 
formation of a mono- or di-oxime. 

The p-quinones are coloured compounds, possessing a characterisdc 
odour ; they are easil3' volatile with steam, but with a slight decomposi- 
tion. They are somewhat volatile even with the vapour of ether, as 
one observes in the preparation of quinone. On reduction they take 
up two hydrogen atoms and pass over to hydroqui nones. (See the 
next preparation) t.g. : 

<0H 
oh" 

Hydroquinone 

Of late years ortho-benzoquinone has also been prepared by the 
oxidation of pyrocatechin (o-dihydroxy benzene) with silver oxide.' 
Under certain conditions a colourless'' o-quinone is £rst formed, but 
being very unstable it passes over into red quinone- For the colourless 
quinone die so-called Peroxide formula has been proposed, and for the 
red quinone the Ketone formula; 



C(HjO, ->r Hi,= CbH,^ 



U-i 



0:: 



16. RBACTIOH: REDUCTION OP A QUOIOire TO A ETDROQITIIfOI 
Example : Hydroquinone from Quinone 

I Conduct sulphur dioxide into the second half of the qui 

^■^ solution obtained above, until the liquid smells intensely of t 

^^1 gas, then allow it to stand for i-z hours. Should the odour of^ 

^^^ sulphur dioxide vanish, it is passed in again and the mixtu 

^^B allowed to stand for some time as before. It is then extract 

^^^ with the ether distilled from the quinone in the preceding expec 
^^k J B. 37, 4744. « B. ^i, asSo. 
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mcnt, several times ; the ether is evaporated or distilled, and the 
hydroquinone, well pressed out on a porous plate, is crystallised 
with the use of aninial charcoal from a little water. Melting-point, 
169°. Yield, S-io grammes. 

Since the hydroquinone solution may be extracted with ether 
with much greater ease than the quinone solution, and since the 
hydroquinone is smoothly oxidised to quinone, the preparation of 
quinone may be done as follows : The entire quantity of the oxi- 
dation product is saturated with sulphur dioicide, and as just de- 
scribed the hydroquinone may be obtained by repeated extraction 
with ether. In order to convert it into quinone it is dissolved in the 
least possible amount of water, to which is added z parts of con- 
centrated sulphuric acid to i part of hydroquinone ; the well- 
cooled liquid is treated with a water solution of sodium dichro- 
mate until the green crystals of quinhydrone (an intermediate 
product between quinone and hydroquinone) separating out in 
the beginning have changed into pure yellow quinone. 

The equation for the formation of hydroquinone from quinone has 
been given above. AH homologous quinones react in the same way. 
The hydroquinones are di-acid phenols, which dissolve in alkalies and 
show alllthe properties of phenols. They are not volatile with steam. 

IT. REACTION: BROHnTATlON OP AR AROUATIC COMPOUND 
Example : Mono- and Di-brombenzene from Bromine and Benzene 

A wide-neck 250 c.c. flask is connected with a vertical tube 
50 cm. long and i \ cm. wide, the upper end of which is closed by 
a cork bearing a glass tube, not too narrow, bent twice at right 
angles. The other end is connected with a flask containing 
350 c.c. of water, by a cork having a small canal in the side 
(Fig. 70). The tube does not touch the liquid, but the end is 
about I cm. above the surface. After 50 grammes of benzene' and 
I gramme of coarse iron filings (the bromine carrier) have been 
placed in the flask, it is cooled in a large vessel (battery jar) filled 

^ One hundred grummes of benzene should be used if Uie GHgnard reactioii 
(see p. 34B) is to be carried out later on. 
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w 

^^H with ice-water ; through the vertical tube there is added 40 c^ 
^^H =120 grammes of bromine: the narrow tube is immediately 
^^1 connected with the vertical tube. After 

^^M f^' '-li some time an extremely energetic reaction 

^V Mm a will begin, generally spontaneously, with the 

^^ m JIL evolution of hydrobromic acid, which is 

mpletely absorbed by the water. ShouM 
the reaction not begin at once, the ice-water ; 
is removed for a short time, and if necessary ' 
the flask is immersed for a moment in 
slightly warm water. But as soon as even a 
] ' weak gas evolution begins, the flask is at 

S2s. once cooled again, since otherwise the re- 

JE^ action easily becomes too violent Should 

^^^^_ ^^ this happen in spite of the cooUng, the cause 

^^^Bf is found in the fact that the iron filings used 

j^^^m VKte. too fine. In other experiments use 

f^^Km/ coarser tilings or small iron nails. When 

Fig 7a '^^ main reaction is over, the ice-water is 

removed, the flask dried and heated over a 
small flame until the red bromine vapours are no longer visible 
above the dark-coloured liquid. The reaction-product is washed 
several times with water and then distilled with steam. As soon 
as crystals of dibrombenzene separate out in the condenser, the 
receiver is changed and the distillation continued until all the 
dibrombenzene has passed over. The liquid monobrom benzene 
is separated from the water, dried with calcium chloride, and sub- 
jected to a fractional distillation ; the portion passing over between 
140-170° is collected separately. This is again distilled, and the 
portion going over between 150-160° collected. The boiling-point 
of the pure monobrombenzene is 155°. Yield, 60-70 grammes, 
residue boiling above 170° remaining in the flask after the two 
tillations, is poured, while still warm, on a watch-glass, and aftc^ 
^^L cooling is pressed out, together with the separately collected dibrom- 
^^^k benzene, on a porous plate. On crystallising from alcohol, coarse 
^^^k COiourJess crystals ot p-dibvotitoemaat rat obtained, which melt 
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The by-product, hydrobromic acid, is purified as described in 
the Inorganic Part. (See page 379) 

A portion of the hydrogen of the aromatic hydrocarbons is very 
easily replaced by bromine, especially in the presence of a carrier, even 
at low temperatures ; while in the aliphatic series the direct substitution 
of bromine is not used as a preparation method for alkyl bromides, 
the aromatic bromides are readily prepared in this way. According 
to the amount of bromine used one or more hydrogen atoms may be 
substituted : it may happen, e,g.^ particularly with benzene under the 
influence of an energetic bromination, that all the hydrogen atoms may 
be replaced by bromine. A single bromide, even on using only the 
theoretical amount of bromine, is never formed ; but rather a portion 
of the hydrocarbon is brominated short of the theoretical action, and 
another portion is always acted upon farther, with the formation of a 
higher bromine substitution product. Thus in the example above cited, 
besides the principal product, monobrombeniene, a small quantity of 
dibrombenzene is formed : 

CeH5+Br„ = C^HjEr + HBr 
CgHs + 2 Brj = CjHjBrj + z HBr 

In most cases, however, the principal product may be separated 
from the by-product without difficulty by distillation or crystallisation. 
Since the hydrogen atoms substituted by bromine combine with bromine 
to form hydrobromic acid, therefore, for the introduction of each 
bromine atom, a molecule (two atoms of bromine) must be used. 

The introduction of bromine can be essentially facilitated by the use 
of a so-called bromine carrier. As such, the bromides of metalloids, 
or metals, are used; (l) either in the already prepared condition, or 
(2) they can be generated from their elements in the reaction. To 
the first class belong ferric bromide and aluminium bromide. The 
action of ferric bromide depends on the fact that on being reduced to 
ferrous bromide, it yields bromine in staUt nascendi: 
FeBr^ = FeBr2 + Br, 

Ferric bromide Ftrtam bromide 

Since the ferrous bromide unites with bromine again, to form ferric 
bromide, a small quantity of this has the power to transfer an indefi- 
nitely large quantity of bromine : 

FeBrj+ Br = FcBrs. 
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^M '7 

^^V Instead of ferric bromide, ferrous bromide or anhydrous ferric chlorii 

^^H may be used. The latlei decomposes with hydrobromic add to fei 

^^K bromide and hydrochloric acid : 

^H FeCl, 4- 3 HBr = FeBr, -f 3 HCl. 

^^F The activity of aluminium bromide is explained by the fact that it 

unites with the hydrocarbon to form a double compound which is more 

capable of reacting with other substances than the hydrocarbon itself 

To the second class belong iodine, sulphur, phosphorus, iron, aluniio- 

■ ium, etc. If these elements are added to the brominating mixture, 
the corresponding bromides are formed, e-ff. i 
H-Br = IBr'. 

While these give up all their bromine, or a portion of it. as is the 
case with ferric bromide, in the atomic condition, the residue again 
unites with bromine, and as above, a small quantity of the carrier may 
transfer large quantities of atomic bromine. 

Bromine can also act on aromatic hydrocarbons to form addition 
products, since it may be added in one, two, or three molecules, and 
thus break up the double or centric union. Thus, e.g., the hexabroni- 
addition product, C^H^Br,, is obtained from the action of bromine on 
benzene in the sunlight. Since the addition products render difficult 
the purification of substitution products, especially on distillation {ihey 
decompose when distilled), it is often necessary to remove them before 
the purification, by long boiling with alcoholic caustic potash, or alco- 
holic caustic soda. Under these conditions, one-half of the bromine 
atoms added in common with the same number of hydrogen atoms 
are abstracted as hydrobromic add ; the residue of the molecule is 
converted into a substitution derivative, which is not troublesome in 
the purification ; 

CgHuBra = CfiH^Br^ + 3 HBr. 

On brominating benzene, the same products will be formed, whether | 
the temperature is high or low, but when its homologues are treated ] 
with bromine, the nature of the products depends upon the temperature. , 
As will be pointed out more fully, under the chlorinatioa of tolueiM^.J 
the law holds here, that at low temperatures the halogen enters thfra 
I ring; at high temperatures, the side-chain, i.g.: 

' Compare page 165. 
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CoHj-CHj + Brj = CaH/ 
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fHBr 



1, alcoholates, 

b 



r 

^H CaH( . CHj + Br, = CgH^ . CH^ . Br + HBr. 

The aromatic bromides which contain bromine in the benienc 
nucleus are either colourless liquids or crystals, which in contrast with 
the side-chain substituted isomers in part possess aa aromatic odour, 
and their vapours do nai attack the eyes and nostrils. The bromine 
is held very firmly in them, more firmly than in the aliphatic bromides, 
and cannot be detected by silver nitrate. While the aliphatic bromides, 
as mentioned under bromethyl, decompose wit 
alkalies, etc., to form amines, ethers, alcohols, 
etc., respectively, these reagents do not act or 
the aromatic bromides. The bromides o 
ing the bromine in the side-chain, behave like 
their aliphatic analogues. 

By the action of sodium amalgam, the bro- 
mine may be replaced by hydrogen, e.^. : 
CM. . Br -t- H„ = C„H„ 4- HBr 

Ficm Ihc 

The aromatic bromides are of synthetical 
importance,' especially for the building up of 
homologous hydrocarbons and the preparation 
of carbonic acids : 
C6H5.Br+BrC,H,+Nas=CsHj.C,Hi+2NaBr 

CaH5.Br+NaB-f-C03=CeH5.CO.ONa+NaBr 

The next preparation will take up the first of 
these reactions in detail. 

The hydrocarbons and most of their deriva- 
tives, like nitro-, am ido -compounds, aldehydes, 
acids, etc., may be brominated with greater or 
less ease. At this place, the various modifica- 
tions by which the brominatioo may be effected 
will be mentioned. If a substance is very easily 
brominated, the bromine may be used in a diluted c 



purpose, either broi 

-I Compart: also fhe Crignard n 



ndition. For this 
e of bromine with carbon 
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disoljAide or gkdsl acetic add nay be employed. In manj ca 

bromiaation may be very well effected by using gaseous bn>Dime. 
method of procedure is as follows : The substance is spread out in IbiE 
layers □□ a watch-glass and placed under a glass bell-jar. under whidi 
is also a small dish containing bromine- If it is desired to cause broniiw 
to act gradually, it is allowed to drop from a separating t iinn pl, ii 
cenlialed fonn or in solution, on the compound to be brominated. H 
an extremely slow aud very catefiil bromination is desired, the t 
may be allowed to flow drop by drop from a siphon-shaped cajHllaii 
tube. If bromination takes places with di£5cu!iv, the bromioadi^ 
mixture is healed, either in an open vessel or in a sealed tube. In tlh 
first case the condensing apparatus cannot, as usual, be connected tt 
the flask with a cork ot rubber stopper, since this is soon attacked aiu 
destroyed by the bromine. Instead, the condenser is well wrapped 
with asbestos twine and then pushed into the conical part of the neck 
of the flask, the asbestos being pressed in with a knife. 
of the kind represented in Fig. 71 can also be used. A long tube ^ 
sealed at one end. is closed by a two-bole cork, through o 
passes a long glass tube reaching almost to the bottom a ; the other 
bears a short tube just passing through the cork. Water is caused li 
flow through a ; it flows out of d. This cooling apparatus is suspended 
in the heating-flask, which is selected with as long a neck as possible 



■ U. BZACTIOIT: FITTIG'S STHTHESIS OP A HTDROCARBOS 

Example : Etbyl Benzene from Brombenzene and Brometli^ > 

In a dry, round, ^-Utre flask, provided with a long reflux coi 
denser (the flask is supported on a straw ring in an empty water- 
bath), place 27 grammes of sodium, cut in scales as thin 
possible with a sodium knife, and add 100 c.c. of alcohol-free, 
dry ether prepared as described below. As soon as this tai 
been completely dried by the sodium, which may be recognised 
by the fact that the upper surface is no longer disturbed by wave- 
like motions (after several hours' standing), pour through the con- 
t denser a mixture of 60 grammes of brombenzene and 60 grammes 
of bromethane, and allow to stand until the next day. Should 
'A. 131. 303. 
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liquid begin to boil gently, which may easily happen at a summer 
temperature, cold water is poured into the water-bath. Water is 
Dot allowed to run through the condenser over night. During the 
reaction, the bright sodium will be changed to a blue powder, and 
an ethereal solution of ethylbenzene is formed. The ether is then 
distilled off on a water-bath, and the condenser is replaced with 
an air condenser 40-50 cm. long and i cm. wide, containing a 
short bend. After the flask has been placed in an oblique posi- 
tion, the extreme end of its neck is clamped loosely, and the 
ethylbenzene is distilled from the sodium bromide and sodium 
by a large, luminous fiame, which is kept in constant motion. 
With the use of a Linnemann apparatus, the crude product is 
finally subjected to two distillations. The boiling-point of pure 
ethylbenzene is 135°, Yield, about 25 grammes. 

The residue of sodium bromide and sodium remaining in the 
flask must be handled with extreme caution. Water must not be 
added to it, nor must it be thrown into the sink or waste-jars, nor 
allowed to stand a long time ; it is better to throw the flask, which 
cannot be used again, and its contents into some open place. Tlie 
sodium residue may be rendered harmless by throwing water on it 
ftom a great distance, 

H Preparation of Anhydrous, Alcohol-free Ether 

Shake 200 grammes of commercial ether in a separating fun- 
nel with half its volume of water; the latter is allowed to run off, 
and the operation repeated a second time with a fresh quantity 
of water, by which the alcohol is removed. The ether is dried by 
standing over calcium chloride, not too little, two hours. It is 
then filtered through a folded filter, and can now be used for the 
above reaction. 

Fittig's synthesis of the aromatic hydrocarbons is the analogue of 
Wurtz' synthesis of the aliphatic hydrocarbons, e.g. : 



t 



3C,HjI + zNa = CjHj.CjHj -(- aNal 

Etbrl iodide Butuie 

CgHf. Br -i CjH^Br + a Na = C„Hs.C^, 




^^Ke78 SFEaAL FART 

^^ in,. 



yCH, yCH, 

C.H,< + ICH, + Na, = CaH,< + NaBr + Nal. 

\Br \CH, 

Bromlolufriie Xylene 



The three isomeric bromtoluenes do not react with the same i 
While the p-brora toluene gives a good yield of f>-Kylene, the o-com- 
pound does not give good results, and the m-compound generally forai? 
no xylene. Two aJkyl residues can also, in many cases, be introduced 
into a hydrocarbon simultaneously, e^. : J 



/Br yCH, 

"CfiHX + a irH, 4. ^ Ma. = n-r.H / 



p-CaH,< + 2 ICH, + 2 Na- = P-CbH,< + 2 NaBr + 2 Nal. 

\Br XCHs 

The great number of hydrocarbons which may be prepared by Fittig's 
reaction is apparent from the above examples. The value of the reac- 
tion is still further increased by the fact that a halogen atom in the 
side-chain of an aromatic hydrocarbon ^so reacts in the same wav. 
Though the halogen cannot be replaced by a methyl or ethyl radical, 
yet the reaction for the introduction of the higher alkyl residues is _ 
of great service, e.^. : 

CsH,.CH,a + CH3.CH2.CHjBr+ Na, 

Beaiy] chloride Propyl brumidc 

= CeHs.CHa.CHj.CHi.CH3-l-Naa + 

Butylbcnzene 

Also by means of this reaction, two aromatic residues may be mad 
to combine, and thus form the hydrocarbons of the diphenyl si 

3 CoH,. Br 4- Naj = C^H^.C^Hj ■ 

Finally, the hydrocarbons of the dibenzyl series can also be prepare^il 
eg- -■ 

2C(H,.CHj,a-(-Na,= 

In conducting operations involving the Fittig reaction, varioa 
modifications may be introduced, according to the ease with which t1 
reaction takes place. If the reaction occurs at the ordinary temperatui 
easily, then an iadifierent diluent like ether, ligroln, carbon disulpbid 



^^B orbeoMue 
^^r since ligro 

^^ UXOUQt fi[ 



SPECIAL PART 



is employed- These substaoces are not alike in their ai 
since ligroin and benzene generally prolong the reaction, and c 
account find application in a very energetic reaction ; ether does n 
retard the reaction, but causes it to be more regular. At times, tl 
reaction-mixture will not act, even on long standing. la this c 
the reaction can frequently be started by a short heating, or the addt 
tion of a few drops of ethyl acetate. Since the use of this compoun " 
at times, causes a very stormy action, it is more advantageous ti 
for the reaction to begin spontaneously, even if a long time is n 
In syntheses which are moderately difficult, the reaction-mixture, treated^ 
with a diluent, can be heated on the water-bath or in an oil-bath; 
while, if the reaction lakes place with great difficulty, the mixture, J 
generally without dilution, must be heated in an oil-bath. In the 
latter case, the reaction may be still fiirlher facilitated by heating under 
pressure of a mercury column. By this means, it is possible to heat 
the reacting substances in an open vessel above their boiling-points. 
(Fig. 7^0 

19. REACTION : SULFHOHATION OF AN AROMATIC BYDRO- 
CARBOH (I) 

Example : {a) Benzenemonoaulphoiiic Acid from Benzene <n4l 
Sulphtiric Acid' fl 

(i) Sulphobeniide. Benzenesulphonchloiide. Ben- 
Eenesulpho namlde 

{a) To 1 50 grammes of liquid fuming sulphuric acid, containing, 
from 5-8 fc of anhydride, placed in a 200 c.c. flask provide^ 
with an air condenser, gradually add, with good shaking and cot 
ing with water, 40 grammes of benzene ; before the addition of ij 
new portion, always wait until the last portion, which at firs 
on the surface of the acid, dissolves on shaking. The sulphotal 
tion requires about 10-15 minutes. The reaction- mixture is tl 
added, with stirring, drop by drop, from a separating fiinnel, I 
three to four times its volume of a cold, saturated solution a 
sodium chloride contained in a beaker. In order that the solution 
may not be heated above the room temperature, the beaker is 

A. 140, 284 ; B. 34, 2iax- 



'P. 31, aSsaodS; 
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placed in a large water-bath tilled with ice-water. After some 
time, but with especial ease when the walls of the vessel are rubbed 
with a sharp-edged glass rod, the sodium salt of benzeiiesul phonic 
acid separates out in the form of leaflets of a fatty lustre ; the 
quantity is increased, on long standing, to such an extent that the 
contents of the beaker are converted into a thick pasty mass of 
crystals. If the separation of crystals does not begin, i o c.c. of the 
liquid is shaken in a corked test-tube, and cooled by immersion in 
water. The solidified content of the tube is then added to the main 
quantity in the beaker. In summer, at times, it may require a 
several hours' standing before the separation of crystals is ended. 
The pasty mass of crystals is then filtered ofl" with suction on a 
Btichner fiinnel, firmly pressed together with a pestle, and washed 
with a little saturated sodium chloride solution. 

To obtain the salt perfectly dry it is transferred to a linen bag 
and well squeezed under a screw-press. After being pulverised it 
is heated to dusty dryness in an air-bath at no". Yield, about 
100 grammes. 

If even after long standing an abundant separation of crystals 
does not take place, the cause is probably due to the large per- 
centage of anhydride in the fuming sulphuric acid. Under these 
conditions it is diluted with concentrated acid, and the experiment 
repeated. If on the other hand the acid is too weak, the benzene 
wilt not dissolve in it. In this case, during the sulphonadon the 
mixture is not cooled, and the reaction is allowed to take place at 
40-50°. 

In order to obtain pure sodium benzenesulphonate, 5 grammes 
of the crude product b crystallised from absolute alcohol, upon 
which it is noticed that the sodium chloride mixed with it is insol- 
uble in alcohol. 

{i) In order to obtain the by-product, sulphobenzide, 30 
grammes of the pulverised salt is warmed with go c.c. of ether, 
filtered with suction while hot, and washed with ether. After 
evaporating the ether, a small amount of a crystalline residue is 
obtained ; this is recrystallised in a test-tube from ligioin, Mett- 
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To prepare benzenesul phone hloride from sodium benzenesn 
phonate, the extracted salt and unextracted salt are treated ir 
dry flask (under the hood) with finely powdered phosphorus pen 
tachloride (for 3 parts dry sodium benzenesulphonate, use 4 p 
phosphorus pentac hloride). Mis by thorough shaking, 
mixture is warraed ^ to J- hour on an actively boiling w 

[ The cold reaction -product is then poured gradually into ii 

in a flask (use ten times the weight of the sodium salt) ; it is shaked 
up from time to time, and, after standing for two to three houia^ 
the sulphonchloride is taken up with ether and the generally turbid J 
ethereal solution filtered ; the ether is then evaporated off. Yield, ■' 
40-50 grammes. 

In a porcelain dish 10 grammes of finely powdered ammonium 
carbonate are treated with about i c.c. of benzenesulphonchloride, 
and mbbed together intimately ; the mixture is heated, with good 
stirring, over a small flame, until the odour of the sulphonchloride 
has vanished. After cooling, it is treated with water, filtered with 
suction, washed several times with water, and the benzenesulphon- 

I amide crystallised from alcohol to which hot water is added until 

I turbidity begins. Melting-point, 156°, 

Under the sulphonation of aniline it was mentioned that the aromatic 
compounds differ from the aliphatic compounds in that they can be 
sulphonated by the action of sulphuric acid ; /.«. the benzene-hydrogen 
atoms are replaced by the sulphonicadd group, SO,H. Thus the abow— 
reaction takes place in accordance with the fallowing equation : 

<0H 
= C,H..SOaH-(-HjO 
OH 

Since, in the suiphonation, an excess of sulphuric add is always u 
after the reaction is complete it is necessary to separate the sulphonb 
acid from the excess of sulphuric acid. Many sulphontc adds, espfl 
cially those of the hydrocarbons, are very easily soluble in water, t 
that the pure acid cannot be separated out on mere dilution with watfl 
as is the case with sulphanilic add. There are three methods in com' * 
mon use for the isolation of sulphonic acids soluble in water. The 
sulphonic acids obtained most easily are those difficultly soluble in cold 
aulphuric acid. In this case \l 'is otiVj Tua:KS!ari to «»l the sulphoo- 
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ating mixture, and filter oiT the sulphonic acid separating out, with 
suction over asbestos or glass-wool. A second method consists in 
allowing the sulphuric acid solution to flow into a. saturated solution 
of common salt ; in many cases the difficultly soluble (in sodium chlo- 
ride solution) sodium salt of the sulphonic acid separates out. Fre- 
quently it is more advantageous to use sodium acetate, potassium 
chloride, ammonium chloride, or other salts, instead of sodium chloride. 
Almost all soluble sulphonic acids, in the form of their alkali salts, can 
be separated by these two methods in the shortest time. In dealing 
with a new substance, preliminary experiments with small quantities 
of the substance are made to determine which salt is best adapted for 
the separation. The Theory of Salting out is discussed at the end of 
this chapter. The third method, which is the one generally appli- 
cable, depends upon the properly of sulphonic acids, of forming soluble 
salts of calcium, barium, and lead in contradistinction to sulphuric acid. 
If the sulphuric acid solution, diluted with water, is neutralised with the 
carbonate of one of these metals and then filtered, the filtrate contains 
only the corresponding salt of the sulphonic acid, while the sulphuric 
add in the form of calcium, barium, or lead sulphate remains on the 
filter. If the alkali salts of the sulphonic acids are desired, the water 
solution of one of the above salts is treated with the alkali carbonate 
until a precipitate is no longer formed. The precipitate is filtered off, 
and the pure alkali salt of the sulphonic acid is obtained in solution, 
which, on evaporation to dryness, yields the salt in the solid condition. 

In order to obtain the free sulphonic acid, the lead salt is prepared 
and then decomposed with sulphuretted hydrogen. 

The sulphonic acids of the hydrocarbons are generally colourless, 
crystallisable compounds, very easily soluble in water, insoluble in ether, 
behaving like strong acids. By heating with hydrochloric add, under 
pressure if necessary, or by the action of steam, the sulphonic add group 
may be split off, e.g. : 

CflH; . SO3H + H3O = CgHe -I- H^SO^ 

This reaction is of importance in many cases for the separation of 
hydrocarbon mixtures. If under certain conditions one hydrocarbon 
is sulphonated, and another is not, the latter can be separated fi-om the 
former by removing the sulphuric acid solution of the sulphonic acid 
of the first, and from this the original hydrocarbon may be regenerated 
by one of the methods mentioned. 

Of particular importance is the be\ia.vio\u: o^ s\i-p^<Hi\t ^kv6& 
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fused with caustic potash or caustic soda, by which the sulphonic add 
group is eliminated and a. phenol formed; 

»CeHi.S03K + KOH = CjH,.OH + K,SO, 
With benzenesulphonic add this important reaction does not take 
place smoothly ; for this reason the directions for carrying it out prao 
tically will be given later in another place (see )3-naphthol). Poly- 
acid phenols may also be obtained from poly-basic sulphonic adds. 
The formation of m-dioxybeniene or resordnol from benienedisul- 
phonic acid is of practical value : 

,OH 
CsH.(S03K)j + 2 KOH = CoH / + 2 K,SO, 

Ndh 

If an alkali salt of a sulphonic add mixed with potassium cyanide tn 

potassium ferrocyanide is subjected to dry distillation, the sulphonic 

f add group is replaced by cyanogen and an add-aitrile is obtained, e.g.t 

■ CgHj. SOjK -f KCN = CjHj . CN + KjSOg 

The sulphonic adds behave toward phosphorus pentachloride like the 
carbonic adds, with the formation of acid-chlorides : 

C,H,.SOgNa + PCli = CjHj.S0,.a + Naa + POCl, 

The sulphonchlorides are not decomposed, or only slightly decom 
posed by cold water. In order to separate them from the phos- 
phorus oxychloride, the mixture is generally poured into cold water)' 
after long standing the oxychloride is converted into phosphoric add^' 
and the acid-chloride insoluble in water is obtained by decaoting,' 
the water or extracting with ether ; or in case it is solid, by filtering. 
The sulphonchlorides are generally distinguished by a very characteristic 
odour. They can be distilled in a vacuum only, without decomposition. 
Treated with ammonia they form sulphonamides, which crystallise well 
and are used for the chaiacterisation of the sulphonic adds : 

CaHj.SOa.CI -H NH„ = CnHj-SOa-NHa -(- HQ 
BenECDCsulphonainide 

In the sulphonamides, in consequence of the strongly negative 
ciiaiacter of the X.SO^oup, the hydrogen of the amido-group a 
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50 easily replaced by raetals, that they dissolve in water solutions or 
the alkalies to form salts of the amide. (Try it.) If a sulphon- 
chloride is allowed :o stand a long time with an aliphatic alcohol, a 
sulphonic acid eater is formed, e.g. : 

CjHs.SO,.Cl + CjHi.OH = CBHs.SOi.OCjHi + HCl 



If this is now warmed with an alcohol, an aliphatic ether is formed, 
with the generation of the sulphonic acid, e.g. : 

CoHj.SO,.OCjHj + C^Hj.OH=^C„H,,SO.,H + C„Hj.O.CjHj 

The formation of ether in this case is analogous to the formation of 
ethyl ether on heating ethyl sulphuric acid with alcohol ; 

SO.^ + CjHj . OH = HjSO, + CiHj . O , C^H^ 

^H 

Since this reaction is continuous, and since the benzene sulphonic acid 
formed in the reaction is a weaker acid than sulphuric add, and conse- 
quently does not carbonise the alcohol like sulphuric add, the operation 
may be continued for a long time uninterruptedly. For these reasons 
recently attempts have been made to employ the aromatic sulphonic 
adds for the technical preparation of ether. If the sulphonation is 
efTefrted as above with fuming sulphuric acid, in many cases, besides 
the sulphonic add a small quantity of sulphone is formed, e.g. : 



I. 



/C.H. 

= SO^ + H,0 

DipheayjKulphDde 
— Sulphbbenaide 



For sulphonating purposes, either ordinary concentrated sulphuric add 
or the so-called monohydrate or fuming sulphuric acid of various grades 
is used, according to the conditions. The reaction is conducted with 
cooling, at the room temperature, or with heating. 

To facilitate the elimination of water, phosphorus penloxide ot 
potassium sulphate may be added to the sulphor 

In some case.s il is of advantage V 
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of sulphuric add ; the reaction takes place in accordance with the fn 
lowing equation : 




w 

^R of 

^V C„H, + CI . SO,H = C^Hj . SOaH + HCl 

^H Theory of Salting out. — The process of salting 

^^K upon the following conditions ; According to the theory of e!eci 

^^T lytic dissociation, the water solution of an electrolyte like sodii _ 

I benzenesulphonate, contains the ions of CjHsSOj' — and Na'— ,and 

the electrically neutral, undissociated molecules of CgHj.SOjNa. 

Now it must not be assumed that in such a solution, at any given 

time, ions and molecules remain in this condition ; it is more likely 

that as the ions of CoHb.SO,' — and Na' — come into contact with 

each other under favourable conditions, they recombine forming 

. new molecules, while at the same time undissociated molecules 

^H dissociate. We therefore have a dynamic equilibrium of a reversi- 

^^L ble reaction (similar to that mentioned under ethyl acetate), which 

^^M may be expressed by the following equation : 

^r CflHj . SO/ + Na* :^ CflH, . SOgNa 

If we indicate the concentrations of the ions and molecules by 
Cc,H,,so,. Cwa and CcHb.so^m the mass action equation for this 
equilibrium will be r 

(D *^(V i„ . so, X Cnj _^ ^ 

CcHj . SOjNfl 

or, (II) Cqh,.so,xCn=. = KxCqh,.so^. 

where K is the dissociation constant. Suppose we add solid com- 
mon salt to such a solution and take care that no solid salt sepiL- 
rates out ; then since common salt is a strong electrolyte, it will 
largely dissociate into ions in the solution, and the concentration 
of Na-ioos will be increased. But since the constant K has the 
same value for all proportions, the increase of Cfja will decrease 
CcHj.so, and will consequently increase CcH..SOjNa- In thii 
way only can K have a constant value. Hence, the addition 
of common salt will cause a decrease in the number of QH, . SOr 
ions, and an increase in the number of undissociated molecules. 

kThis is known as " diminution in dissociation by the addition of 
an electrolyte containing one ion in common." If we now con- 
tinue to add more common salt, the concentration of CoHj . SOj- 
ions will constantly diminish, while that of the undissociated 
molecules will constantly increase, and a point will finally be 
reached when the solution will become saturated with undis- 
sociated molecules ; i.e. a maximum number of molecules will be 
held in solution. If moTC coTOtaQti bjAs. \a now added, the newly 
^H formed undissociated TOo\ecMXeaV\i^'i¥3ia.\.tQMV'«vCwR.»SA.'' 
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At this stage Cc.H,.sOjNji becomes a constant, and the product 
of the concentration of ions is called the "solubility product." 
When the solid begins to separate out, the amount of the soluble 
undissociated portion becomes independent of the presence of the 
electrolyte having a common ion, although the concentration of 
the ions is variable, and is determined by the solubility product. 
Thus, to mention an extreme example, in one case C(;„n,,sn, 
may be large and Ccja small, while in another case Cm, may be 
large and CcjHj.sOj small. Thus it becomes impossible, even 
by the addition of a large quantity of an electrolyte having a com- 
mon ion, to salt out the undissociated molecules that are in solu- 
tion. This may be termed the solution-tension of Ihc undissociated 
molecules, and corresponds with Dalton'a law of the vapouMconion 
of a substance, whicii is independent of external pressure, 'Ilie 
vapour-tension of liquid water whether it be confined in a vacuous 
space, or kept at a definite pressure in physical equilibrium with 
fither gases, will always be the same at any given temperature. 

In the practical example described above, the conditions are 
somewhat complicated. Neglecting the excess of sulphuric acid 
used, wc have a water solution of benzenesulphonic acid, treated 
with common salt But according to the ionic di.«>M>ciatton theory, 
sncb a solution will contain ions of CfHg.SOj', CI', Na' aiia 
H' in addition to undissociated roolecntes of C^H, . SO^Na, NaCl, 
C;H,.SC)^and HCl 

Bnl the main fact to be taken into consideration is the eqti»- 
librinm existing between CjH, . SO/, Na' and CgH^ . SOjNa, which 
is Do« inflneDced by the presence of other substances. ^Vben the 
atdnbility limit for this eqailibrinm is exceeded by iocreaiisg 
the wmtxT of Na-ions, by the addition of common 1 
tlw m&M)ciaced sodium benzenesnlphonate wiQ i 
in dw wfid state. 

It is lurdly necessary to state that with certain sotnbilirf | 
ptirtioaa, not only solid salt, but also its solution, can be tt 
taMng fyiA. 



ExufPies ; i'l) Benienesnlfitainic Acid.' (^) lUoj^eaol* 

(a) rfeat 40 grammes of water to boiling in a 300 c.c flask 
provided with a short reflux condenser and a drripping; fiinnel ; 
add 10 grammes of anc dost, and without fijrther heatit^ by the 
fiooie, gradually allow to flow in iVom the faTme\, ^"Ctv -ewwwMjji^ 
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shaking, lo grammes of benzenesulphonchloride in small portion& 
After each addition wait until the vigorous reaction accompanied 
by a hissing sound has moderated. The mixture is then heated 
a few minutes over a small flame, filtered after cooling from the 
precipitate of zinc dust and the zinc salt of benzenesulphinic acid, 
and the precipitate washed several times with water. The insig- 
nificant-looking gray precipitate is the reaction-product, and not 
the filtrate, which can be thrown away. The precipitate is then 
heated for about ten minutes, not quite to boiling, with a solution 
of lo grammes of dehydrated sodium carbonate in 50 c.c. of water, 
and then filtered with suction. The precipitate remaining on the 
filter is worthless, while the filtrate contains the sodium benzene- ; 
sulphinate in solution. This is evaporated to about one-half its I 
original volume, and, after cooling, acidified with dilute sulphuric 
acid, upon which the free benzenesulphinic acid separates out in 
colourless crystals; the separation is facilitated by rubbing the 
sides of the vessel with a glass rod. After filtering, the substance 
is recrystallised from a little water. Melting-point, 83-84°. m 

Should the free acid not separate on acidifying the sodium salt, 
it is extracted several times with ether; this is evaporated, and 
the residue, in case it does not solidify of itself, is rubbed with a 
glass rod and then recrystallised. 

{b) In order to convert the residue of benzenesulphonchloride 
obtained in Reaction 19 into thiophenol, it is heated on a water- 
bath with granulated tin and concentrated hydrochloric acid, in a 
large flask provided with a long reflux condenser and dropping 
funnel ; the sulphonchloride is allowed to flow in gradually from 
the dropping funnel. (To i part of the chloride use 2\ parts of 
tin and 5 parts of concentrated acid.) The heating is continued 
until most of the tin is dissolved. The thiophenol formed is dis- 
tilled over with steam, extracted with ether, dried over anhydrous 
Glauber's salt, and, after the evaporation of the ether, rectified. 
Boiling-point, 173°. 

In the preparation of thiophenol, care is taken that there are 

no /lames in the neighbourhood of the flask in which the reaction 

is conducted, otherwise \\ve\e m^.>} \i^ ^xv ^-^.^^v^cl <5k^ iKe mixture 
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of oxygen and hydrogen. Since the thiophenoi possesses at] 
eittremely unpleasant odour, and the vapours attack the eyes, 
causing tears, the experiment must not be carried out in the 
laboratory, but in a side room (hydrogen sulphide room), or in 
the open air, in the basement, or at least under a hood with a 
good draught. Further, care must be taken not to allow the 
substance to come in contact with the skin, since it produces a 
violent burning. 

If zinc dust is allowed to act ou a sulphonchloride, the zinc salt of 
the sulphinic add is formed : 

CjHa.SO^.a CsHi-SO^v 

>2n + ZnCl, 
CgHa . SO2 . a + ZnZn = QH, . SO;/ 

Zinc benrcDuulphiaale 

The zinc salts thus formed are insoluble in water, and can be easily 
obtained by tillering off. In order to prepare the free sulphinic acid 
from a zinc salt, it is first converted into the easily soluble sodium salt 
by boiling with a sodium carbonate solution ; the solution of the sodium 
salt is concentrated, and the free acid is precipitated with dilute sulphuric 
acid. The sulphinic acids differ from the sulphonic acids in that they 
are difScultly soluble in cold water, and can, therefore, be recryslallised 
from water. They are also soluble in ether, in which sulphonic adds 
do not dissolve. On fusing with potassium hydroxide, the sulphinic 
adds pass over to the hydrocarbons : 

CjH,, . SO,K + KOH = KjSO, + CgH, 

If they are reduced, a thiophenol is finally obtained, as above: 

CgHa. SO^ + 4H = C,Hj. SH + 3 HjO 

The Ihiophenols may also be prepared by the direct reduction of the 
sulphonchlo rides : 

CjHj. SOjCI + 6H = CoH^.SH + 2 H,0 + HO 

The thiophenols are liquids of unpleasant odours ; the higher mem- 
bers of the series are solids. Like the mercapla.TV* (A "i^nk. -SCvtjKfiiK: 
series, they form difficultly soluble salts v(\ti\ \taA MiA. -mfiicsa^ - 
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Experiment: Dissolve mercuric chloride or lead acetate in a J 
test-tube with alcohol by heating ; then cool, and filter. 
alcoholic solution is treated with a few drops of thiophenol, a I 
precipiute of the difficultly soluble salt is obtained. The lead I 
salt is yellow, and possesses the composition represented by the ^ 
formula ; 

(CeH5.S).Pb 

In the air, and on treatment with oxidising agents like nitric acid, 
chromic acid, iodine, etc., the thiophenols are oxidised to disiilphidea : 

1 CaHj . SH + O = CjHj . S— S . CgHj + H^O 

ExPERiMF.NT : A few drops of phenyl mercaptan are dissolved in j 

alcohol, treated with some ammonia, and evaporated to dryness on I 

the water-bath in a watch-glass. (Under the hood.) Colourless I 
needles of the disulphide remain. Melting-point, 61°. 

By reduction the disitlphides are easily converted back to the thio- 
phenols : , 
CgHj.S— S.C,H, + 2H = 2C„H,.SH 

Like the plienols the thiophenols have the power of forming ethers. 



QH.-SCHs ^ 
CjHj.S.CgHj: 



Thioanisol, 

: Fhenylsulphide. 



{ 



Example : p-NaphthalenesuIphonic Acid 

e of 50 grammes of finely pulverised naphthalene and 
60 grammes of pure concentrated sulphuric acid is heated in an 
open flask in an oil-bath for 4 hours to 170-180". After cool- 
ing, the solution is carefully poured, with stirring, into 1 litre of j 
water, and the naphthalene not attacked is filtered off; i 
the filtration takes place very slowly, only the turbid 1 
poured off from the coaise ^Vcte^ o^ ^i^^''^''^'^'^ '. the n 
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neutralised at the boiling temperature in a large dish with a paste 
of lime, not too thin, prepared by triturating about 70 grammes 
of dry slaked lime with water. The mixture is filtered as hot 
y.s possible through a filter-cloth, which has been previously 
thoroughly moistened (see page 61) and the precipitate washed 
with hot water. The filter-cloth is then folded together and 
thoroughly squeezed out in another dish ; the expressed, generally, 
turbid Uquid, after filtering, is united with the main quantity. 
The solution is then evaporated in a dish over a free Same until 
a test-portion will solidify to a crystalline paste on rubbing with a 
glass rod. After the solution has been allowed to stand over night 
the calcium ^-naphthalenesulphonate is filtered off with suction, 
washed once with a little water, pressed firmly together with a 
pestle, and spread out on a porous plate. In order to obtain the 
sodium salt, it is dissolved in hot water, and the solution gradually 
treated with a concentrated solution of 50 grammes of crystallised 
sodium carbonate until a test-portion filtered off no longer gives 
a precipitate with sodium carbonate. After cooling, the precipi- 
tate of calcium carbonate is filtered off with suction, washed with 
water, and the filtrate evaporated over a free dame until crystals 
begin to separate from the hot solutioa After standing several 
hours at the ordinary temperature, the crystals are filtered off, and 
the mother-liquor fiirther concentrated ; after long standing, the 
second crystallisation is filtered off, and the mixture of the two 
lots of crystals dried on the water-bath. Yield, 60-70 grammes. 
Naphthalene is sulphoaated on heating with sulphuric acid, in ac- 
cordance with the fallowing equation : 

C,oHg + HjSO, = C,„Hr . SOjH + H.O. 
There is formed not as in the case of benzene, in which the six 
hydrogen atoms are equivalent, a single sulphonic acid, but a mixture 
of two isomeric sulphonic acids : 
SO^H 

00 - 00- 

^ aJfipblhalcncsulpboaic add ^KiphthalcccsuXQ^unuB wi& 
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According to the temperature at which the sulphonation takes place, 
than of the other add is farmed ; at lower temperatures an 
of the a-acid is obtained, at higher an excess of the j3-acid. U 
the mixture is heated to 100°, a mixture of 4 parts of the a-acid and 
I part of the yS-acid is formed, while at 170" a mixture of 3 parts of 
the ^-acid and J part of the a-acid is obtained. In order to separate 
the sulphonic acids from the excess of suJpburic acid, advantage i° 
taken of the fact that sulphonic adds differ from sulphuric acid in that 
they form soluble salts of calcium, barium, and lead, as mentioned 
ander benzenesulphonic acid. For the separation of the sulphonic acid 
from sulphuric acid, the calcium salt is prepared by neutralising the 
add mixture with chalk or lime, since it is cheaper than lead carbonate 
or barium carbonate. This method is followed technically on the large 
scale as well as in laboratory preparations. Since the calcium salts of 
the two isomeric sulphonic adds possess a very different solubility in 
water, — at 10° 1 part of the a-salt dissolves in 16.5 parts of water, and 
I part of the ^-salt dissolves in 76 parts of water, — the /3-salt, which is 
more difficultly soluble, and consequently crystallises out first, caji be 
separated by fractional crystallisation from the a-salt which remains in 
solution. For the conversion into naphlhol the calcium salt cannot be ■ 
used directly ; it must first be changed into the sodium salt by treatraeBl 
with sodium carbonate : 

(C,„H,. SOa)jCa + NejCOj = 2 C,^, . SOsNa -I- CaCOs- 

In order to remove (he last portions of the a-salt, it is advisable n 
to evaporate the solution of sodium salt directly to dryness, but U 
allow the more difficultly soluble /J-salt to crystallise out, upon whio 
the a-salt remains dissolved in the mother-liquor. 

The reactions of the naphthalenesulphonic acids are similar tc 
given above under benzenesulphonic add. It is still to be men 
that the n-acid is converted into the ;ff-add by heating with c 
trated sulphuric acid to almost 200°; a reaction which is explained t 
the fact that the sulphonic acid decomposes in the small amount of wafi 
always present, into naphthalene and sulphuric acid, and that tl 
former is then sulphonated to the ^-acid at the higher temperatui 
(200°). The sulphonation of naphthalene to the a- and |9-acids i 
carried out on the large scale in technical operations, since when fusel 
with sodium hydroxide tliese acids yield naphthols 0/ great importaoo 
for the manufacture of dyes. The next preparation deals with t 
reaction. 
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ExAitCLE : p-Naphthol from Sodium- p-Naphthalene Sulphonate and 
Sodium Hydroxide' 
la order to convert sodium-^-naphthalene sulphonate into 
;3-naphthol the proportions of the necessary reagents used are : 

f lo parts sodiuni-/3-naphthalene sulphonate ; 

^B 30 parts sodium hydroxide, as pure as possible; 

^* I part water. 

The sodium hydroxide is broken in pieces about a centimetre in 
length, or the size of a bean, treated with the water, and heated 
in a nickel crucible {a crucible 11 cm. high and 8 cm. in diameter 
isaconvenient size), with stirring, to 280° (Fig. 73). The stirring 
is done with a thermometer, the lower end of which is protected 
by a case of copper or nickel, about 16 cm. long and 8 mm. wide. 
This is supported by a cork, containing a narrow canal at the 
side, fitting the case. In order to be able to determine the tem- 
perature as exactly as possible, a layer of oil i cm. high is placed 
in the case, in which the bulb of the thermometer is immersed. 
If the stirring is done with the case, the upper portion is covered 
with several layers of asbestos board, secured with wire, or a cork 
is pushed over the case (Fig. 73) . Since, on fusion of the sodium 
hydroxide, a troublesome spattering takes place, the hand is 
protected by a glove, and the eyes by glasses. As soon as the 
temperature reaches 280°, the heating is continued with a some- 
what smaller flame, and the sodium naphthalene sulphonate is 
gradually added, with stirring. After each new addition, the tem- 
perature falls somewhat ; no more of the salt is added, until the 
temperature again reaches z8o°. After all the salt is added, the 
flame is made somewhat larger, upon which the fusion becomes 
viscid with evolution of steam and frothing, until finally^ at about 
310°, the real reaction takes place. After the temperature is held 

' E. Fischer, Prep, of OrgOEic Compounds, 7 Ed. page 55- 2. i 
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at 310-320° for about 5 minutes, the fusion becomes liquid 

and the reaction is complete. The melted mass is then pom 
in a thin layer on a strong copper plate the edges 
have been turned up. The portions of 
dark sodium naphtholate may be easily 
distinguished from the brighter caustic 
soda. After coohng, the solid mass is 
broken up and dissolved in water. The ' 
naphthol is precipitated at the boihng 
temperature with concentrated hydro- 
chloric acid (under the hood), and after 
cooling is extracted with ether. The 
ethereal solution is dried over anhydrous 
Glauber's salt, and then the ether is 
evaporated in an apparatus similar to 
the one described on page 35 ; a frac- 
tionating flask with a very wide condens- 
ing tube is used. After the removal of 
the ether, the naphthol remaining back is 
distilled over without the use of a con- 
denser. Melting-point, 123°. Boiling-point, 
the weight of the sulphonate used. 

As above indicated, in a sodium hydroxide, or potassium hydroi 
fosioQ of a sulphonic acid, besides the phenol, the alkali sulphite 1| 
formed, e.g. : 




I 



The free phenol is, therefore, not direcdy obtained on fusion, b 
the alkali salt of it, from which, after the solution of the fusiot 
the phenol is liberated on acidifying with hydrochloric add. 

The reaction just effected is in practice carried out on the largest ' 
scale in iron kettles to which stirring apparatus is attached, fl-naph- 
(hol as well as its numetoMs mQ\\o- a-ad poly-sulphonic add derivatives 
obtained by treatment ■™\& suVjVLiitvc. -sKift. ^itA. c^isibsws, ■wjqlkatioii ftrj 
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the manufacture of azo dyes. Further, from the /3-naphthol, j8-naph> 
thylamine is prepared by the action of ammonia under pressure : 

C„H,.OH + NHj = C„H,.NHa+ HjO, 

which also finds technical use for the manufacture of azo dyes, as such 
and in the form of its sulphonic adds. a-NaphthoI is also prepared in 
thesame way by fusion of a-sodiumnaphthalene suiphonate with sodium 
hydroxide, although not in so large quantities as the ^-naphthol. 

The phenols, in consequence of the negative character of the aromatic 
hydrocarbon residue, are weak acids which dissolve in water solutions 
of the alkalies to form salts. Still the acid nature is so weak that the 
salts can be decomposed by carbon dioxide ; use is frequently made of 
this property for the purification and separation of phenols. 

Experiment: A mixture of |8-naphthol and benzoic acid is 
dissolved in a diluted caustic soda solution, and carbon dioxide 
passed into it for a long time, ;8-Naphthol only separates out ; 
this is filtered off. The filtrate is acidified with concentrated 
hydrochloric acid upon which the benzoic acid is precipitated. 

The naphthols differ from the phenols of the benzene series, in thai 
their hydroxyl groups are more capable of reaction than those of the 
phenols, cresols, etc. While, for example, the ether of phenol cannot 
be prepared from the phenol and corresponding alcohol by abstracting 
water : 

(C|;Hj.OH + CH,.OH =QH5.0.CH, + Hp), 

Does nol Take place 

but can only be obtained by the action of halogen alkyls, or salts of 
alkyl sulphuric add on pheno! salts ; 

CjHj . ONa + ICHg = CbHj . O . CH, + Nal. 

By heating the naphthols with an aliphatic alcohol and sulphuric acid, 
the ethers are easily prepared; 

C,oH;.OH + CHa.OH - C|^H,.0.CH3+ H^O. 

Naphthylmethyl elhor 
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23. BEACTION : HITRATIOW OF A PHENOL 
Example : 0- and p-Nitropheaol 



I 

^^P Dissolve 80 grammes of sodium nitrate in zoo grammes 

water by heating; after cooling, the solution is treated, w 
stirring, with 100 grammes of concentrated sulphuric acid, 
the mixture cooled to 25° contained in a beaker, add drop 
drop, from a separating funnel, with frequent stirring, a 
of 50 grammes of crystallised phenol and 5 grammes of alcoh<^ 
melted by warming. During this addition the temperature is kept 
between 25-30° by immersing the beaker in water. Should the 
phenol solidify in the separating funnel, it is again melted by a 
short warming in a large flame. After the re action- mixture has 
been allowed to stand for two hours witli frequent stirring, it is 
treated with double its volume of water ; the reaction- product 
collects as a dark oil at the bottom of the vessel. The principal 
portion of the water solution is then decanted from the oil, this is 
washed again with water, and after the addition of J- litre of water, 
is distilled with steam until no more o-nitrophenol passes over, 
Concerning the removal of the o-nitrophenol solidifying in the 
condenser, see page 39 (temporary removal of the condenser- 
After cooling, the distillate is filtered, the o-nitrophenol washed 
with water, pressed out on a porous plate, and dried in a desic- 
cator. Since it is obtained completely pure, it is unnecessary to 
subject it to any further process of purification. In order to 
obtain the non-volatile p-nitrophenol remaining in the flask, the 
mixture is cooled by immersion in cold water, the water solution 

I is filtered from the undissolved portions, and the filtrate boiled for 

Pa quarter-hour with zo grammes of animal charcoal, the wal 
evaporating being replaced by a fresh quantity. The charcoal 
then filtered off and the filtrate allowed to stand in a cool pi 
over night, upon which the p-nitrophenol separates out in long, 
almost colourless needles. The oil still present in the distillation 
flask is boiled with a mixture of 1 part by volume of coaceutrated 
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hydrochloric acid arid z parts by volume of water, with the addi- 
tion of animal charcoal, filtered after partial cooling and the fil' 
trate allowed to stand over night. There is thus obtained a 
second crystallisation. If the crystals which have separated out 
are still, contanainated by the oil, they are recrystailised from 
dilute hydrochloric acid with the use of animal charcoal 

Melting-point of o-Nitrophenol, 45° ; 
Melting-point of p-Nitrophenol, 114°. 

Yield, 30 grammes and 5-10 grammes respectively. 

The mon-acid phenols of the benzene series are, in contrast to the 
corresponding hydrocarbons, very easily nitrated. In the nitration of 
benzene, in order to facilitate the elimination of the water, concen- 
trated sulphuric acid must be added ; whereas the action of concen- 
trated nitric acid alone upon phenol Is so energetic, that in this case 
it must be diluted with water. Upon nitrating phenol, the o- and 
p-nitrophenols are formed simultaneously, the former of which is vola- 
tile with steam: 

,NO, 
CeH,.OH -f^ NO.. OH = CM/ + H,0. 
X)H 

o. aod p-NLiTophcnnl 

On nitrating the homologues of phenol, the nitro-groups always enter 
the o- and p-positions to the hydroxy! group. In order to prepare 
m-nitrophenol, it is necessary to start from m-nitroaniliae ; this is dia/- 
otised and its diazo-soluCion boiled with water. - 

The nitrophenols behave in all respects like the phenols. But by 
the entrance of the negative nitro-groiip. the negative character of the 
phenol is so strengthened that the nitrophenols not only dissolve in 
alkalies, but also in the alkali carbonates. 

ExpERiMEsrr: Dissolve some o-nitrophenol in a solution of 
sodium carbonate by warming; the scarlet red sodium salt is 
formed. 

In consequence of this action, the nitrophenob cannot be predpi- 
tated from their alkahne solutions by carbon dioxide. 

In addition the nitrophenols show the characteristics of the Ditro- 
compounds in general, since they, for example, pass over to amido* 
phenols on energetic reduction, etc. 
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Examples : (a) Benzalcbloride from Toluene 

i^b) Benzaldebyde from Benzalchloride 

(a) A loo c.c. round iiask with a wide neck (Fig. 74) coo 
taining 50 grammes of toluene is placed in a well-lighted posi' 
tion, best in the sunlight. The toluene is heated to boilin 
and a current of dry chlorine conducted into it until its weigh 




FIG. 74. 

is increased by 40 grammes. In order to be able to juc 
of the course of the reaction, the flask, with the toluene, 
weighed before the experiment. By interrupting the passage of 
the chlorine from time to time, cooling and weighing the flask, 
the increase in weight wil\ mdvcaXt Vicvn W xJot iMorinating ad 
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has proceeded. The length of the operation varies greatly. In 
summer the reaction is complete in a few hours; during the 
cloudy days of winter a half or a whole day may be necessary. 
The reaction may be materially assisted by adding 4 grammes of 
phosphorus pentachloride to the toluene, 

(i) In order to convert the benzalch bride into benzaldehyde, 
the crude product thus obtained is treated in a round flask pro- 
vided with an effective reflux condenser, with 500 c.c. of water 
and 150 grammes of precipitated calcium carbonate (or floated 
chalk or finely pulverised marble) and the mixture heated four 
hours in a hemispherical oil-bath to 130° (thermometer in the 
oil). Without further heating, steam is passed through the hot 
contents of the flask until no more oil distils over. For this pur- 
pose the apparatus necessary (cork with a glass tube) has been 
prepared before the heating in the oil-bath. 

Before the crude benzaldehyde is subjected to purification, the 
liquid remaining in the distilling flask is filtered while hot through 
a folded filter, and the filtrate acidified with much concentrated 
hydrochloric acid. On cooling, the benzoic acid obtained as a 
by-product in the preparation of benzaldehyde separates out in 
lustrous leaves. It is filtered off and recrystallised from hot water, 
during which it must not be heated too long, since it is volatile 
with steam. Melting-point, 121°, 

The oil passing over with the steam is treated, together with all 
of the liquid, with a concentrated solution of sodium hydrogen 
sulphite, until after long shaking the greater part of the oil has 
passed into solution. Should crystals of the double compound of 
benzaldehyde and sodium hydrogen sulphite separate out, water is 
added until they are dissolved. The water solution is then filtered 
through a folded filter from the oil remaining undissolved, and 
the filtrate treated with anhydrous sodium carbonate until it shows 
a strong alkaline reaction. This alkaline liquid is now subjected 
to distillation with steam, when perfectly pure benzaldehyde passes 
over ; it is taken up with ether, and, after the evaporation of the 
ether, is distilled. Boiling -point, 179°. 

Under the preparation of bromheniene it has already been men- 
tioned that by the action of chlorine or bromine on aromatic hydro- 
carboos containing aliphatic side-chains, diffeveat ^xoAnsAi 'ot^^m^^^ 
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depending on the temperature at which the action takes place. If, e.g^ 
chlorine acts at lower temperatures on toluene, chlortoluene is formed, 
the chlorine entering the benzene ring : 

QH,.CH8 + Cla = CeH/ \yL(X 

At ordinary temperatures Chlortoluene 

If, on the other hand, chlorine is conducted into boiling toluene, the 
chlorine atom enters the side-chain : 

CeHft.CHg + Clj = CeH^.CHaCl 4 Ha 

At boiling temperature Benzylchloride 

If chlorine is conducted into toluene at the boiling temperature for 
a long time, a second, and finally a third, hydrogen atom of the methyl 
group is substituted : 

CgH^.CHaCl + Clj = CeH^.CHCla + HQ 

Boiling Benxalchloride 

CflHa . CHQa + Clj = CflHa . CCI3 + HQ. 

Benzotrichloride 

The formation of benzotrichloride is the final result of the action 
of chlorine under these conditions, since the benzotrichloride is not 
changed even by passing in the chlorine for a longer time. 

The replacement of hydrogen by chlorine directly presents the diffi- 
culty, unlike the liquid bromine, that weighed quantities cannot be 
used, and the exact point to which the introduction of chlorine should 
be continued in order to get a certain definite compound must be 
determined. This is accomplished if, from time to time, the increase 
in weight of the substance being chlorinated is determined. Since 
the conversion of one molecule of toluene to benzylchloride requires 
an increase of weight equal to the atomic weight of chlorine minus the 
atomic weight of hydrogen (CI — H = 34.5), therefore in the prepara- 
tion of benzylchloride, 100 parts by weight of toluene must take up 
an additional weight of chlorine = 37-5 parts by weight, and corre- 
spondingly in the preparation of benzalchloride or benzotrichloride. 
the increase in parts by weight must be respectively 2 x 37.5 = 75 
and 3 X 37.5 = 1 12.5. 

In most organic chlorinating reactions, besides the main reaction, a 

side reaction also takes place which, in the above example, results in 

the conversion of a porUon. oi \}Ci^ \.o\\\fciifc \o benzalchloride and 
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beDzotrichloride, while another portioo b only chlorinated to benzji 
Chloride. Accordingly the react ion- product obtained above consists 
essentially of ben zal chloride mixed with a small quantity of benzyl 
chloride and beDzotrichloride. g 

The halogen derivatives of the aromatic hydrocarbons containing 
the halogen in the side-chain are in part liquids, in part colourless crys 
taJlisable solids, which are distinguished from their isomers containing 
the halogen in the benzene ring, in that their vapours violently attack 
the mucous membrane of the eyes and nose. Care is taken therefore 
in the above preparation not to expose the face to the vapours, and 
further to prevent the chlorination products from coming in contact 
with the hands. 

Concerning their chemical properties, these two isomeric series differ 
in that the compounds containing the halogen in the side-chain are far 
more active than those in which the halogen occurs in the benzene 
ring, as Is apparent from the following equations : 



I 



CaHs-CHaCl + NH3 = QHs-CHj-NHj + HCl 



CgHj . CH„C1 -f KCN = C(jHj . CHj . CN + KCI 



The chlorides obtained by substituting a side-chain are of impiortance 
for making certain preparations, ^ the aromatic alcohols, aldehydes, 
and acids. On boiling with water, they decompose, in accordance with 
the following equations : . 

(1) CeH,.CHJCl^-H^O = C6H,,.CHJ.OH + Ha I 

Benzyl ajcohol 

(2) CoHi.CHClj-l-HsO = QHj.CHO + 2Ha 

(3) CaH, . CClg + a HjO - CaHj. CO . OH -H 3 HO 

BcniaLC juid 

If the halogen atom is in the ring, none of these (ransformations will take 
place. But since, in cases 1 and 2, the hydrochloric acid formed in the re- 
action acts in the opposite way and may regenerate the original chloride, it 
must be neutralised. This is usually accomplished by the addition of a 
carbonate, upon which the acid acts with the liberation a(caihw^4aKii!<>^!^ 
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In practice, the cheap calcium carbonate (marble dust) is used, and tu 
above method for the preparation of benialdehyde is, as far as possibl 
an imitation of the technical process used for obtaining the substance. " 
Frjim benzylchloride, benialdehyde may also be prepared directly by 
boiling it with water in the presence of lead nitrate or copper nitrate. 
From the benzylchloride, benzyl alcohol is first formed, which b o«i- 
dised by the nitrate to benzaldehyde. 

As above mentioned, the chlorination product obtained c 
essentially of benzalchloride, mixed with small amounts of ben;^|| 
chloride and be nzo trichloride. If the miicture is boiled with wat^n 
with the addition of calcium carbonate, a mixture consisting mainly of 1 
benzaldehyde, besides benzylchloride and benzoic acid — the latter I 
being converted into the calcium salt by the carbonate — is obtained. 1 
If the reaction- mixture is distilled with steam, benzaldehyde, benzjl I 
alcohol, and a small amount of chlorides which have not taken part I 
s over with the steam, while the calcium benzoato J 
1 the distillation flask. By acidifying the residue, the f 
benzoic acid may be obtained as above. A large proportion of t! 
so-called "benzoic acid from toluene" is obtained in this way a 
by-product in the technical preparation of benzaldehyde. In order to 1 
separate the benzaldehyde from benzyl alcohol, the chlorides, and other 
impurities, advantage is taken of the general property of aldehydes of 
I uniting with acid sodium sulphite to form soluble double compounds. 

^^^ If the distillate is shaken with a solution of sodium hydrogen sulphite 
^^1 the aldehyde dissolves, while the impurities remain undissolved. 
^^H are filtered off, and the sulphite compound of the aldehyde decompos 
^^ with sodium carbonate ; on a second distillation with steam, the puB 
aldehyde passes over. 

The aromatic aldehydes are in part liquids, in part solids, f 
a pleasant aromadc odour. 

I They show the characteristic aldehyde reactions, yielding prim 
alcohols on reduction and carbonic adds on oxidation, 
stai 
bei 
Th; 
bee 



Experiment: A few drops of benzaldehyde are allowed 1 
stand in a watch-glass in the air. After a long time, crystals 
benzoic acid appear. 

CbHs-CHO -I- O = CjHj.CO.OH. 
That they unite with add sulphites to form crystalline compounds h 
been meatioaed: 




F 
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/OH 

CeHj.CH 



CgH^-CHO + HSOaNa - 0^^ 

\SO3Na 

Experiment: To ^ c.c. of benzaldehyde add a concentrated 
solution of sodium hydrogen sulphite, and shake. The mixture 
solidifies after a short time to a crystalline mass. 

Further, the aldehydes react, as mentioned under acetaldehyde, with 

hydroxylamine and phenyl hydrazine, to fonn oximes and hydrazones. 

With hydrazine Ihey yield, according to the experiment conditions, the 

not very stable hydrazines or the more stable and characteristic azines: 

C(H, . CH [oTHjI N - NHj = HjO + QHj . CH=N -NH, 

Benial hydrazine 

C.H, . CH 10 + H,| N C„H, . CH=N 

C.H,.CH |04-H,| N CaHj.CH=N 

Buiialuine 

Aldehydes also condense readily with primary aromatic bases with the 
elimination of water : 

CgH, . CHO + CaH, . NH, = C,H,. CH=N . QH, + HjO 

Bcniylidcncaniline 

Experiment : In a test-tube make a mixture of i c.c. of benzal- 
dehyde and I c.c. of pure aniline, and warm gently. On cooling, 
drops of water separate out, and the mixture solidifies, crystals of 
benzylideneaniline being formed. 

An additional number of characteristic aldehyde reactions will be 
taken up later in practice. Benzaldehyde is prepared technically on 
the large scale. Its most important apphcation is for the manufacture 
of the dyes of the Malachite Green series, and of cinnamic acid (see 
these preparations). 

2S. REACTION: SIUULTAHEOirS OXIDATIOH ABD REDUCTION OF 
AH ALDEHYDE DNDER THE INFLOENCE OF CONCENTRATED 
POTASSIUM HYDROXIDE 

E.tA.MPLE; Benzoic Acid and Benzyl Alcohol from Benzaldehyde' 
Treat 20 grammes of benzaldehyde in a stoppered cylinder or a 
thick-walled vessel with a cold solution of 18 grammes of potas- 
sium hydroxide in 12 grammes of water, and shake until a perma- 
nent emulsion is formed ; the mixture is then allowed to stand 
over night. The vessel is closed by a cork, and not a glass 
stopper, since at times a glass stopper becomes so firmly fastened 
that it can be removed only with great ditficiilt^, Tq ■Crc^c^^ 
'3.14,3394. 
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tallme paste (potassium benzoate) separating out, water is added 
until a clear solution is obtained from which the benzyl alcohol is 
extracted by repeatedly shaking with ether. Afte^ the evapor 
tion of the ether the residue is subjected to diatiilation ; 
alcohol passes over at 206°. Yield, about 8 grammes. The befl 
zoic acid is precipitated from the alkaUne solution on acidifyili| 
with hydrochloric acid. 

While many aliphatic aldehydes {see acetaldehyde) are convertrfi 
by alkalies into more complex compounds, with higher moleci 
weights, the so-calliid aldehyde resins, the aromatic aldehydes undeM 
similar conditions react smoothly ; two molecules are decomposed by 
one molecule of potassium hydroxide, one aldehyde molecule being; 
oxidised tu the corresponding acid, and the other being reduced to 
primary alcohol ; 

2CeH5.CHO + KOH = QH^.CO.OK + C„Hj.CHj. OH. 

Since the aldehydes are in part easily obtained, the different prim 
alcohols may be prepared advantageously by this reaction. 

The primary aromatic alcohols behave in all respects like the co 
spending aliphatic alcohols in forming ethers and esters, e.g. : 

CflH,.CH,v CaH,.CH„x 

^O >0 CH,.CO.OCH,.C-H, 



QHs-CH/ 

Beniyl slhet Beniylinelhyl elher 



On oxidation they are converted first into aldehydes and finally i 

C5H5 . CH J. OH + O = CoHj . CHO + H,0, 
CeH.-CHj.OH + O^ = CuHj-COOH + H,0. 



ExAUFLE : Benzoin from Benzaldebyde ' 

Mix 10 grammes of benzaldehyde with zo grammes of alcohc} 
and treat the mixture with a solution of a grammes of potassianf 
cyanide and 5 c.c. of water. Boil on the water- bath for one hour 
(reflux condenser). The hot solution is poured into a beaker 
and allowed to coo\ s^OwVy ', ^^ crj^Xals separating out are filtered 
J A. ig8, 150. 



AROMATIC SERIES 305 

off, washed with alcohol, and dried on the water-bath. For con- 
version into benzil (see next preparation), they need not be re- 
crystaUised, In order to obtain perfectly pure benzoin, a small 
portion of the crude product is recrystallised from a little alcohol 
in a test-tube. Melting-point, 134°. Yield, about 90% of the 
theory. 

If an aromatic aldehyde of the t}^ of benzaldehyde is warmed in 
alcohol solution with a small quantity of potassium cyanide, substances 
are obtained which possess the same composition, but with double the 
molecular weight of the aldehyde : 

CeH,.CO.CH— CjH, 
2QH,.CH0= I 

OH 

This is unlike aldol formation, since here condensation takes place 
_ between the two aldehyde groups (p. 174). 
'' In the same way from anisic aJdehyde and cuminol, there are obtained 

anisoln and cuminoia. respectively : 

/OCH, = CH.O . C„H, . CO . CH . CM, . OCH. 
2P-C,h/ I 

NCHO OH 

Aditic sldehydE Anisoln 

/CsH, -CaH.-CaHj.CO.CH— CaH,.C,H„ 
3 p-C„H / I 

NCHO OH 

With potassium cyanide furfijrol yields iuroin: 

C,H.O.CO.CH.C.H.O 

2 C.HjO . CHO = I 

Furfurol OH 

Furo!u 

Benzoin and its analogues are derivatives of the hydrocarbon di- 
benzyl, CgHj. CH^. CHj. C,Hj, and in feet benzoin on reduction with 
hydriodic add is converted into this hydrocarbon. 

The benzoins act, on the one hand, like ketones if the carbonyl 
group (CO) takes part in the reaction, and, on the other hand, like 
secondary alcohols if the group CH.OH (the secondary alcohol group) 
reacts. Thus they have the power to form oximes and hydrazones 
with hydroxylamine and phenyl hydrazine respectively. If benzoin is 
reduced with sodium amalgam, the ketone group is converted into tb«. 
secondary alcohol group. 



I 
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CsH, , CO . CH . CgHj C,H, . CH— CH . C,H, 

I +Ha= I i 

OH OH OH 

Bydrobeniorn 

If the reduction is etFected by zinc and hydrochloric acid or gladal 
acetic acid, the carbonyl group is not attacked, but the alcohol group 
is reduced and desoxybenzoln is obtained : 

C„Hj.CO.CHjrCBHa + H,0, 

OH ' Desonrbennilo 

a compound of especial interest, because in it, as in acetacetic ester, one 
of the two hydrogen atoms of the methylene group (CH^), in conse- 
quence of the acidifying influence of the adjoining negative carbonyl 
and phenyl groups, may be replaced by sodium ; with the sodium com- 
pound the same kind of syntheses may be effected as with acetacetic 

CM.. CO . CH . CM, CM, . CO . CH— C„H, 

I +ICjH,= I 

Na CjHj 

Sodium dEBOijhcproIn Ethyl desoiybtnic 

Benzoin, fiirther, acts as an alcohol, the hydroxy! group being capa- 
ble of reacting with alkyl- and acid-radicals to form ethers and eslers. 
If oxidizing agents act on benzoin, the alcohol group is oxidized to 
ketone group, as is the case with all secondary alcohols : 
CflHj.CO.CH.CsHs + O 



i 



= C^Hs . CO . CO . CsHb+HjO. 

O^ Dibonaiyl-Biaua 

The next preparation will deal with this reaction. 



21. REACXIOH: OXISATIOS OF A BEHZOtH TO A BEKZO, 
ExMiPLE : Beozil from Benzoin 



\ 



The crude beiuoin obtained in the preceding preparation is 
finely pulverised afler drying, and heated in an open flask, with 
frequent shaking, with twice its weight of pure concentrated nitric 
acid, for ij-z hours on a rapidly boiling water-bath. When thef" 
oxidation is ended, ttie leaction-mixture is poured into cold watery 
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after the mass solidifies the nitric acid is poured off; it i= 
then washed several times with water, pressed out on a porous 
piate, and crystallised from alcohol. After fihering off the 
crystals separating out, they are dried in the air on several layers 
of filter-paper. Melting-point, 95°. Yield, about go% of the 
theory. 

The equation representing the oxidation of benzoin to benzil has 
been given under the preceding preparation. The analogues of ben- 
zoin also give, on oxidation, compounds of the benzil series. Thus 
from anisoin and cuminoln, anisil and cuminil respectively are 
obtained : 
CHjO.CcH^.CO.CO.CjH^.OCHs; CsHj.CjH^.CO.CO.CaH^.CaH^ 

ADi:,il Cumiml 

Benzil acts like a ketone In that it forms oximes with hydroxylamine. 
The oximes are of exceptional interest, since our knowledge of the 
stereochemistry of nitrogen proceeds from them. Benzil forms tiuo 
monojcimes and three dioJtimes. The constitution of these compounds 
will be discussed later, under the preparation of benzophenone-oxirae. 

On fusion with potassium hydroxide or by long heating with a water 
solution of potassium hydrojcide, benzil undergoes a remarkable change, 
in that by taking up water it passes over to the so-called beazilic add; 

CbH,.CO.CO.CbHs + HjO= ° 'Nc.CO.OH. 

Diphetiyl^lycolic acid = 

Anisil and cuminil also vield, in a similar way, anisUic and cuminilic 



Example: Maudellc Acid from Benzaldehyde' 

(a) Manddic Nitrile 

In a flask containing 13 grammes of finely pulverised 100^ 

potassium cyanide, or an equivalent amount of the purest salt 
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available, pour 30 grammes of freshly distilled benzaldehyde, and 
add to this from a separating funnel, the flask being cooled wiih 
ice, a quantity of the most concentrated hydrochloric acid, corre- 
sponding to 7 grammes of anhydrous hydrochloric acid {about 20 
grammes concentrated acid), drop by drop, carefully, under a 

■ hood, with frequent shaking. The reaction- mixture is then 
allowed to stand, with frequent shaking, for one hour, then 
poured into about 5 volumes of water, the oil washed with water 
I several times, and finally separated in a dropping funnel. Owing 

to the ease with which the nitriles decompose, a further purifica- 
tion is not possible. Yield, almost quantitative. 

I Much belter results are obtained by preparing mandelic nitrile^B 
thus ; Pour 50 c.c. of a concentrated solution of sodium btsulphit^H 
over 15 grammes of benzaldehyde in a beaker; stir the mixtuii^| 
with a glass rod until the addition product CoHj.C — OH 
\sO,Na I 



solidifies to a pasty mass. It is then filtered with suction, pressed^ 
firmly together, and washed once with a Utile water. The doul 
compound is stirred up with water to a thick paste, and treatc 
with a cold solution of 12 grammes potassium cyanide in 
grammes of water. After a short time, very easily on stirring, 
crystals go into solution, and the nitriie appears as an oil, which is 
separated from the solution in a dropping funnel. 

(b) Saponification of the Nitriie 

The nitriie is mixed with four times its volume of concentrate 
hydrochloric acid in a porcelain dish, and evaporated i 
water-bath until crystals begin to separate out on the upper surfao 
of the liquid. 

The reaction -mixture is then allowed to stand over night i 
cool place; the crystals separating out, are triturated with a Utti 
water, filtered off" with suction, and then washed with 1 
much water. A further quantity of the acid may be obtained t 

' Cli, Z. 1896, 90. 



,Na i 

teoH 
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extracting the filtrate with ether ; after evaporating off the ethen 
the residue is heated in a watch-crystal some time on a water- 
bath. The crude mandelic acid is pressed out on a porous plate, 
and is obtained pure by recrystallising it from benzene. Melting- 
point, 118°. Yield, about 10-15 gfammes. 

(c) Separation of the Inactive Mandelic Acid into its Active 
Components ' 

A mixture of 20 grammes of crystallised cinchonine, 10 grammes 
of crystallised mandelic acid, and 500 c.c. of water is heated 
with quite frequent shaking in an open flask for an hour on an 
actively boiling water-bath. After cooling, the portions undis- 
solved are filtered off, and are not washed. To this clear solution 
(«) add a few crystals of d-cinchonine mandelate (see below), and 
allow it to stand, according to the conditions, one or more days in 
a cool place (6-3°; in summer in a refrigerator, in winter in a 
cellar if necessary). In order to purify the crude d-cinchonine 
mandelate separating out, it is filtered off (filtrate A), pressed out 
on a porous plate, and recrj^tallised from water, using for each 
gramme of the dried salt 25 c.c. of water (heating as above 
described for an hour, with quite frequent shaking, in an open 
flask upon a water-bath). On filtering the cold solution the un- 
dissolved portions remaining are not washed. If the solution be 
seeded with a few crystals of d-cinchonitie mandelate and allowed 
to stand under the same conditions referred to above, a purer salt 
will crystallise out. To obtain the free dextro-mandehc acid the 
purified salt is dissolved in not too much water, and then treated 
with a slight excess of ammonia, which precipitates the chincho- 
nine ; this is filtered off, and, after recry stall isation from diluted 
alcohol, may be used for other experiments. The filtrate, which 
contains dextro- ammonium mandelate, is acidified with hydro- 
chloric acid and extracted with ether. If the residue obtained on 
evaporating the ether be heated in a watch-glass some time on a 
water-bath, then, on cooling, crystals of dextro -mandelic acid 



1 a 16. 1773 ; 3a, 3385. 
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separate out ; they are pressed out on a porous plate and recrys 
tallised from benzene. Melting-point, 133-134°. 

The pure laevo-mandelic cannot be obtained readily from small 
quantities of mandelic acid ; but a preparation showing to a slight 
extent laevo-rotatory power may be obtained in the following way : 
The filtrate A is worked up for the free acid exactly as in the 
method described for pure dextro-cinchonine mandelate ; since a 
portion of the d-modification has been removed from the solution, 
it should be laevo-rotatory. 

From the three preparations thus obtained, viz. inactive mandelic 
acid, the pure d-acid, and the impure 1-acid, water solutions of the 
proper concentration are prepared, and their properties investi- 
gated by a polariscope (consult text-books on Physics). 

If one is not in possession of d-cinchonine mandelate for the 
first experiment, a proper seeding material is prepared as follows : 
To a few cubic centimetres of solution (a) obtained above is added, 
drop by drop, a saturated solution of salt until a slight precipita- 
tion takes place. The solution is now heated until the precipitate 
redissolves, and is allowed to stand until crystals separate out, 
which may require several days. The crystals thus obtained are 
those of cinchonine hydrochloride upon which small quantities of 
d-cinchonine mandelate have been deposited ; the latter are in 
sufficient quantity, however, to cause a further separating out of 
the d-salt. 

Hydrocyanic acid unites with aromatic as well as aliphatic aldehydes 
and ketones with the formation of a-oxyacid nitriles : 

/OH 
CHo . CHO + HCN = CHo . CH< 



nne 



AldehYdecyanhydi 
a-lactic nitrile 

CoH^v ^OH 



C„H..CO.CoH. + HCN = 



CjH/ x:n 

Diethylketone Diethylglycolic nitrile 

/OH 
. CgHs . CHO + HCN = CgH^ . CH< 

XTN 

Benzaldehyde M.aLadellc nitrile 



m 


B^ AROMATIC SERIES 311 




CjHj.CO.CHj + HCN 


QHj\ /OH 
~ CHa/^NCN 




Actophmone 






This 


reaction also takes pla 
the carbonyl group : 


ewith 


more complex compounds con- 


CHj 


CO.CHJ.CO.OCJHi^ 


HCN 


= CHa.C— CHj.CO.OC^H, 


CH, 


CO.CO.OH+HCN 

Pyioraceclic icid 




= CH3,C-CO.OH 

OH CN 


Lg^»H 


.CO.CHj,OH + HCN 

BenH>ylc»rbiool 




= C„H,.C-CHj.OH 
OH CN 



The reaction may be effected by digestion with already prepared 
hydrocyanic acid at ordinary or higher temperatures, but in most cases 
it is more advantageous to employ nascent hydrocyanic acid as above. 
If the second method be followed, — treating Ihe aldehyde with 
sodium bisulphite, — the reaction takes place in accordance with the 
following equation ; 

,0H ,OH 

CgHj.dH =C5H5.CH + KNaSO., 

^ |SOaNa + KJ CN N:N 

If the oxynitrites are subjected to saponificatiaii, for example, by 
boiling with hydrochloric acid, the free oxyacid is obtained, t£. : 



h/ h 
x;n 



\CO.OH 



Since the cyanhydrine reaction takes place smoothly in most cases. 
It is frequently used for the preparation of a-oxy acids. 

Thus in the sugar group the cyanhydrine reaction Is of extreme im- 
portance, not only for its value in determining constitution, but also for 
the syntheses of sugars or sugar-like substances containing long chains 

In reference to the latter, one example may be mentioned. If hvdro- 



J 
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cyanic acid is united with grape sugar, which is an aldehyde, there k 
first obtained an oxynitrile, which on saponification yields an oxyacid. 
If this, or rather the inner anhydride (lactone) into which it easily 
passes, is reduced, the carboxyl group is reduced to an aldehyde group, 
and there is thus obtained a sugar containing one more secondary 
alcohol (CHOH) group than the original grape sugar: 

CN CO.OH 

CHO I I CHO 

I CH.OH CH.OH I 

(CH.0H)4 + HCN = I saponified-^ | reduced-^- (CH.OH). 

(CH.OH)^ (CH.OH)^ I 



CHo.OH I I CH-.OH . 

CHg.OH CH2.OH 

Aldohexose Aldoheptost 

With the substance thus obtained a similar reaction may be carried 
out, and so on. 

Mandelic acid belongs to the class of substances containing an 
asymmetric carbon atom, /.^., one which is in combination with four 
different substituents : ^ tt 

SOH 
^CO.OH 

Like all compounds of this class, it exists in two different space 
modifications, which bear the same relation to each other as does an 
object and its image, and owing to their power of revolving the plane 
of polarisation, are called dextro- and laevo-mandelic acids. The acid 
obtained in the above synthesis is optically inactive; since, in the 
synthesis of compounds with an asymmetric carbon atom from inactive 
substances, an equal number of molecules of the dextro- and laevo- 
varieties are always obtained, which, in the above case, unite to form 
the inactive, so-called, para-mandelic acid. But, by different methods, 
the active acids can be obtained from the inactive modifications. If, 
e.^., the cinchonine salt of para-mandelic acid is allowed to crystallise, 
the more difficultly soluble salt of the dextro-acid separates out first, 
and then, later, the laevo-salt crystallises. 

With the aid of certain micro-organisms, the inactive compounds 
may be decomposed into their active constituents. If, e-^.^ the well- 
known Penicillium glaucum is allowed to grow in a solution of ammo- 
nium para-mandelate, it destroys the laevo-modification ; while another 
organism, Saccharomyces ellipso'ideus, consumes the dextro-modification, 
and leaves the other. 
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88. RBACnON: PERKIB'S SYNTHESIS OF CINTfAMIC ACIDl 

Example : Cinnamic Acid from Benzaldehyde aad Acetic Acid 

A mixture of 20 grammes of benzaldehyde, 30 grammes of 
acetic anhydride, both freshly distilled, and 10 grammes of anhy- 
drous pulverised sodium acetate (for the preparation, see page 
147), is heated in a flask provided with a wide vertical air-coo- 
dcnser about 60 cm. long, for 8 hours, in an oil-bath at iSo°, 
If the experiment cannot be completed in one day, a calcium 
chloride tube is placed in the upper end of the condenser over 
night. After the reaction is complete, the hot reaction- product 
is poured into a large flask ; add water, and then distil with steam, 
until no more benzaldehyde passes over. The quantity of water 
used here is large enough so that all of the cinnamic acid dissolves 
except a small portion of an oily impurity. The solution is then 
boiled a short time, with some animal charcoal, and filtered ; on 
cooling, the cinnamic acid separates out in lustrous leaves. Should 
it not possess the correct melting-point, it is recrystallised from hot 
water. Melting-point, 133°. Yield, about 15 grammes. 

The reaction involved in the Perkin s)Tithesis takes place in accord- 
ance with this equation : 

CaHi.CHO-|-CH3.CO.ONa = CaHj.CH=CH.CO.ONa + HjO. 

The reaction, however, does not take place, as appears from the 
equation, by the direct union of the aldehyde-oxygen atom with the 
hydrogen atoms of the methyl group and a combination of the resulting 
residues, but it proceeds in two phases. 

In the lirst, the sodium acetate unites with the aldehyde, forming 
sodium phenyl lactate : 

C,H,.CH.CHj.CO.ONa 

(i) CaHj.CHO + CH3.CO.ONa= I 

Sodium phenyl lacuu 





I 
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In the second phase, this salt, under the influence of acetic anhyi 
loses water, upon which the sodium cinnamate is formed 

(a) CH,.CH,CHj.CO,ONa 

I = CflH, . CH=CH . CO . ONa + HJX I 

That sodium acetate, and not ihe acetic anhydride, condenses with 
the benzaldehyde, is proved by the foliowing facts ; If, instead of sodium 
acetate, sodium proprionate is used, and this is heated with benzalde- 
hyde and acetic anhydride, cinnamic acid is not obtained, but methyl 
cinnamic add : 

CoH,.CH— CH— CO.OJ 
(I) CeH,.CHO + CH3.CH^.CO.ONa= | I 

OH CH, 



I 



(2) CgH,. CH— CH . CO . ONa C^H^. CH=C— CO . ONa + H,O.J 

OH CH3 CH, 

It follows from this that the sodium salt used always lakes piart in 
the reaction. In the experiment it is of course necessary that Ihe 
fusion is not carried out at so high a temperature as in the above 
example, but only at the heat of the water-bath ; at higher tempera- 
tures the sodium salt of proprionic acid and acetic anhydride decora- 
pose into sodium acetate and proprionic anhydride, so that cinnamic 
acid is obtained, and therefore, apparently, the anhydride reacts with 
the aldehyde. 

The Perkin reaction is capable of numerous modifications, since in 
place of benzaldehyde, its homologues, its nitro- and oxy-deriva lives, 
etc., may be used. On the other hand, the homologues of sodium 
acetate may be used as has been pointed out. The condensation 
in these cases always takes place at the carbon atom adjoining the 
carboxyl group. Halogen substituted aliphatic acids will also react; 
thus from benzaldehyde and chloracetic acid, chlorcinnamic add is 
obtained : 
CjH;, . CHO + CHj. CI -CO . OH = CfiH, . CH=CCI . CO. OH J- 

In place of the aliphatic homologues of acetic add the aroinatic n 
stituted acetic acids can also be used, e 

CoHj . CH=C— CO . OH -I- H jC 
CaH, . CHO + C„H;. CH^ . CO . OH = 

Phenyl acetic acid 
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These examples are sufficient to show the wide application of the Per- 
kin reaction. 

A very similar reaction takes place on heating sodium acetate with 
the cheaper benzalchloride, instead of benzaldehyde : 
CoHj.CHCl, + CH3.C0.0Na = C„Hj.CH^CH.CO.ONa+ 2HCI. 

Cinnamic add, its homologues and analogues, behave on the one 
hand like acids, since they form salts, esters, chlorides, amides, etc. 
Further, they show the properties of the ethylene series in that they 
take up by addition the most various kinds of atoms and groups. By 
the action of nascent hydrogen two atoms of hydrogen are added to 
the molecule of cinnamic acid with a change from double to single 

C«H, . CH=CH . CO . OH + H, = C0H3 . CH, . CH, . CO . OH. 

It also combines with chlorine and bromine : 

CgHs . CH^CH . CO . OH 4- CI, = C^Hj . CHCl , CHCI . CO . OH 

Dichlorhydrocinnnmic acid 

CjH,.CHi=CH.CO.OH + Br, = C„H,.CHBr.CHBr .CO.OH. 

■^^ DibrQnihydracbinamii: acid 

Further, it unites ^^ hydrochloric, hydrobromic, and hydriodic 
CaH^ . CH=CH . CO . OH + HBr = C^H, . CHBr . CH, . CO - OH. 

S-li ram h jdrncinnam re add 

The halogen atom in these cases always unites with the carbon atom 
not adjoining the carboxyl group. 

Hypochlorous acid also unites with cinnamic acid with the forma- 
tion of phenyl chlorlactic acid: 

C.H, . CH— CHCl . CO . OH. 
C.H. . CH=CH . CO . OH + ClOH = I 

OH 

The o-nitrocinnaraic acid from which indigo is synthetically prepared 
is of technical importance. If cinnamic acid, or belter, an ester of it, 
is nitrated, a mixture of the o- and p-nitroderivatives is obtained 
which can be separated into its constituents. If bromine is allowed to 
act on the o-nitrocinnamic acid, there is obtained: 
/NO, 



N;HBr— < 



■CHBr, CO. OH 
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If this acid is boiled with alcoholic potash, two molecules of hydra 
bromic acid are split off as in the preparation of acetylene from ethyl- 
ene bromide, and o-nitrophenylpropriolic acid is formed, which, witb 
alkaline reducing agents, yields indigo, and is used in indigo printing- 



'"< 



NOj 



:=c . CO . OH. 



Cinnamic add is known in two stereoisomeric forms : 

Cgxig . C . H CgHg . CH 

H.C.CO.OH HO.OC.CH 

(Cinnamic acid) (Allocinnamic acid) 

Trans-form Cis-form 



80. REACTION: ADDITION OF HTDR06EN TO AN ETHTLENE 

DERIVATIVE 

Example: Hydrocinnamic Acid from Cinnamic Add 

In a glass-stoppered cylinder, or a thick-walled preparation glass, 
treat lo grammes of cinnamic acid with 75 ex. of water; add a 
very dilute solution of caustic soda until the acid passes into solu- 
tion and the liquid is just alkaline. If a precipitate of sodium 
cinnamate separates out at this point, too much caustic soda has 
been used. It is then treated gradually with about 200 grammes 
of 2 % sodium amalgam, and heated gently, as soon as this has 
become liquid, on the water-bath for a short time. The liquid is 
then decanted from the mercury and acidified with hydrochloric 
acid, upon which the hydrocinnamic acid separates out as an oil ; 
when cooled with ice- water and rubbed with a glass rod, it solidifies 
to a crystalline mass. After pressing it out on a porous plate, the 
acid is recrystallised from water. Since it possesses a low melting- 
point, it may separate out as an oil on cooling, in which case pro- 
ceed according to the directions given on page 8. Melting-point, 
47°. Yield, 8-9 grammes. 

The equation for the reaction has been given under cinnamic acid. 
The same reaction also Vakes ^X^^ee. oTvV^-a.Nlvcv^^VCcv Vv^jdrlodic acid and 

ted phosohorus. 
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Example; Benzoyl Chloride from Benzoic Acid' 

Treat 50 grammes of benzoic acid in a dry ^-litre flask, with 90 
grammes of finely pulverised phosphorus penlachloride under the 
hood ; the two are shaken well together, upon which, after a short 
time, reaction takes place with energetic evolution of hydrochloric 
acid, and the mass becomes liquid. In order to prevent the 
vessel, which has become strongly heated by the reaction, from 
cracking, it is not placed on the cold stone floor of the hood, but 
on a wooden block or straw ring. After standing a short time, 
it is gently heated on a water-bath, and the completely liquid 
mixture is twice fractionated {under the hood) with the use 
of an air condenser, observing the directions given on pages 
24 and 25. Boiling-point of benzoyl chloride, 200°. Yield, 
90 <^o of the theory. 

The formation of beDzoyl chloride takes place in accordance with 
the following reaction ; 

CflH^ . CO . OH -h PCl^ = CflH, , CO. CI + POCI3 + HCl 

It has been mentioned under acetyl chloride that, for the preparation 
of the aromatic acid-chlorides, phosphorus penlachloride is generally 
used. Benzoyl chloride differs from acetyl chloride in that it is more 
difficultly decomposed by water. 

Experiment : Treat i c.c. of benzoyl chloride with 5 c.c. of 
water and shake. While acetyl chloride, under these conditions, 
decomposes violently, the benzoyl chloride is scarcely changed. 
It is then warmed somewhat- It must be subjected to a longer 
heating before all the oil has been decomposed. 
- In other respects, benzoyl chloride is a wholly normal acid-chloride, 
and what mas said under acetyl chloride is applicable to this chloride ; 
only it is possible to prepare aromatic amides by a different method 
from that used for the preparation of acetamide. 

■ A. 3, a6a. Oatwald's Klassiker tier exakten Wiss 
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Experiment : In a porcelain dish, 10 grammes of finely palva- 
ised ammoDium carbonate are treated with 5 grammes of benzoyl 
chloride J they are intimately mixed with a glass rod and heald 
on the water-bath until the odour of the acid-chloride has van- 
ished. The tninlure is then diluted with water, filtered with suction, 
washed with water, and ctysUllised from water. Melting-point 
bcDzamide, laS". 



CjHi.CO.a-fNH, = C^i.CO.NH, + HO 



It eg 



SS. REACTION: THE SCHOTTEN-BAUHAHIT REACTIOB POS ' 
SECOGKITIOH OF COUPDITRDS CORTAUnNG THE AmDO-, [MIDO-. 
OR KYDROXYL-GROnP 

ExAUFLE: Benzoicphenrl Ester from Phenol and BenEoylcbloride' 

Dissolve a small quantity of crystallised phenol (about i gramme) 
in s c.c. of water in a test-tube and add J c.c. of benzoyl chloride ; 
make the solution alkaline with a solution of caustic soda and, with 
shaking, heat gently a short time over a free flame. If the reac- 
tion-mixture is cooled by water and then shaken and the sides of 
the tube rubbed with a glass rod, the oil separating out solidifies 
to colourless crystab, which are filtered oif with suction, washed 
with water, pressed out on a porous plate, and recryslallised in a 
small test-tube from a little alcohol. MeltJDg-poini, 68-69*, 

As already mentioned under acetyl chloride, acid-chlorides react with 
alcohols, phenols, primary and secondary amines, the chlorine atom 
uniting with the hydrogen of the hydroiyl-. amido-, or imido-group. 
with the elimination of hydrochloric add, while the residues combine 
lo form an ester or a substituted amide. The value of the Schotlen- 
Bauma^n reaction depends on the fact that this reaction is so essen- 
tially facilitated by the presence of soiliiim hydro»de or potassium 
hydroxide, that even in the presence of water the decompo^tioa take^ 
place. 
C^H^ . OH -i- CjH, . CO . CI -f- NaOH = CjHj . O . OC . C^, -t- NaQ +^ 

•fl. 19,33181 ai, 3744-, vi.-Kfu.: iT.^ya. 
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1^ 

^^rhe reaction is of great importance, especially for the recognition and 
characterisation of soluble compounds containing the groups mentioned 
above. It is obvious that if it is desired to test even small quantities 
of those compounds, the most ditEcultly soluble acid derivatives of 
them must be prepared. The benzoyl 2erivatives are particularly well 
adapted to this purpose. A few examples may render this statement 
clearer : If a water solution of a poly-acid aliphatic alcohol, e.g., 
glycerol, or of (he various sugars, from which the dissolved substance 

I will only separate with dilficulty, is treated with benzoyl chloride and 
alkali, a benzoate is formed, which is generally insoluble in water, and 
which can be recognised by its melting-point. For the recognition of 
primary and secondary amines the method of procedure is the same. 
Thus, e.g., it is not dilBcult to convert aniline (one drop dissolved in 
water) by the above method to benzanilide, which can be recognised 
by its melting-point, 163°. (Try the experiment.) 

C||Hs.NH,+CaHj.CO.Cl + NaOH=CeH,.NH.CO.QHj+H,0 + Naa. 

The soluble amido-phenols, di- and poly-amines are also converted 
into difficultly soluble benzoyl derivatives : 



■NH-CO-QH. 



/NHj /NH 

C3HX + 2 C.H, . CO . a = C„H,< 

\0H \0. 

/NH, A 

chZ -f 2CoH,.co.ci = cm/ 

NNH, \nH.CO.CuH, 

In place of benzoyl chloride, other chlorides, «.^., phenylacetyl chloride, 
or benzenesulphon chloride, can be used, which act in a similar way. 
Acetyl derivatives may also be prepared in the presence of alkalies in 
water solution, only in this case acetic anhydride and not the easily 
decomposed acetyl chloride is used. At times the reaction takes placa 
better by using potassium hydroxide, or pyridine, in place of sodium 
hydroxide. 
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S3. REACTION: (a) FRIBDEL AHD CRAFTS' KETOHE SYHTHESIS' 
(i) PREPARATIOW OF AM OXIME 
(£) BECKMANN'S THAMSFORMATIOK OP AS OXfflE 

Example : Benzophenone from Benzoylchloride, Benzene and 
Aluminium Chloride 

(d) To a mixture of 30 grammes of benzene, 30 grammes of 

benzoyl chloride, and 100 c.c. (= 130 grammes) of carbon disal- 
phide in a dry flask, add, in the course of about lo minutes, with 
frequent shaking, 30 grammes of freshly prepared and finely pulver- 
ised aluminium chloride, which is weighed in a dry test-tube closed 
by a cork. The flask is then connected with a long reflux con- 
denser, and heated on a gently boiling water-bath (a water-bath 
heated to 50° is better) until only small amounts of hydrochloric 
acid are evolved : this will require about 2-3 hours. The 
carbon disulphide is then distilled off, and the residue, while 
still warm, is carefully poured into a large flask containing 
300 c.c. of water and small pieces of ice. The residue adher- 
ing lo the walls of the first flask is treated with water, and 
the water added to the main quantity. After the reaction- mixture 
has been treated with 10 c.c. of concentrated hydrochloric acid, 
steam is pas-sed into it for about a quarter-hour. The residue 
remaining in the flask is, after coohng, extracted with ether, the 
ethereal solution washed several times with water, filtered, and 
shaken up with dilute caustic soda solution. After drying with 
calcium chloride, the ether is evaporated, and the residue distilled 
from a fractionating flask, the side-tube of which ts as near as pos- 
sible to the bulb. Boiling-point, 297°. Melting-point, 48°. Yield, 
about 30 grammes. 

{^) A solution of 2 grammes of benzophenone in 15 c.c. of al- 
cohol is, with cooling, treated with a cold solution of 1.5 grammes 
of hydroxylamine hydrochloride in 5 c.c. of water, and 3.5 
grammes of caustic potash in 6 grammes of water; the mixturt 
is heated two hours on the water-bath, with a reflux condenser 
Then add 50 c.c. of water, and filter off, if necessary, any un- 

1 A. ch. [6] I, 51a. 
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changed ketone which balls together very easily on shaking; 
acidify the filtrate slightly with dilute sulphuric acid, and recrys- 
tallise the free oxinie from alcohol. Melting-point., 140°. 

(f) A weighed amount of the oxime is dissolved in some 
anhydrous, alcohol-free ether, at the ordinary temperature, and 
gradually treated with i^ times its weight of finely pulverised 
phosphorus pentachloride. The ether is then distilled off, the 
residue, with cooling, is treated with water, and the precipitate 
separating out is recrystallised from alcohol. Melting-point, 163°. 

(a) If an aromatic or an aliphatic acid -chloride is allowed to act on 
c hydrocarbon in the presence of an anhydrous aluminium 
|lhloride, one of the benzene-hydrogen atoms will be replaced by an 
' i radical, 3 keiime being f orated: 

C«Hs-HCjH,.CO.a = CjH,.CO.CoH^-l-Ha 

Diphcnyl Itewno 
=BeTlEopnenoDe 

C6Ha4CHa.CO.Cl = C„Hi.CO.CH, -f HQ. 

Phenylmeihyl kelono 
=Acclophcnonc 

may be varied if (i) in place of benzene a homologue is 

.CHa 
CHj.CH3 + CBH,.C0.a = p-CaH,< -f HCl. 

x:o.c,;H, 

Toluiae Phecyllalyl ketone 

In cases of this kind, the acid-radical always enters the para position 
to the alkyl radical. If this is already occupied, it then goes to the 
ortho position. (2) In place of hydrocarboiis, phenol-ethers, which 
react with eictreme ease, can be used : 

-OCHj 

c-h, . och5 h- cm, . co . ci = c„h.< + hcl. 

N:o.CbH, 

Anisul Aniiylpbenyl keloiM 

Concerning the entrance of the acid-radical, the statements made above 
are also true for this case. (3) In place of benzoyl chSoride or acetyl 
chloride, their homologues can be used : 

= C„Hj.CO.C6H,.CH3 + Ha 
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CgHe + CHj.CHj.CO.Cl = CgHa.CO.CHj.CHa + HQ 
CgHg + CgHg . CH2 . CO . CI = C^H^ . CO . CH2 • C^H^ + HCL 

rlbenzvl keton 
lesoxyDenzoIn 



Phenylacetyl chloride Pbenvlbenzvl ketone 

desoxYDei 



In this way, starting from o- or m-toluic acid, the o- or m-tolyl- 
phenyl ketone can be prepared ; it cannot be obtained by the action of 
benzoyl chloride on toluene. (4) Substituted add-chlorides like 
brombenzoyl chloride, nitrobenzoyl chloride, etc., can be used, and 
thus halogen or nitroketones are obtained: 



/Br 

>^v^ • ^i BromhenzoDhenone 



Brombenzoyl chloride 

.NO^ 

Nitrobenzophenone 



/NO, 
CgH, + CeH4<^ = C,H, . CO . C,H« . NO, + HO. 

>-'V-' • t^l NitrobcnzoDhenone 



Nitrobenzoyl chloride 

(5) Finally, the chlorides of dibasic acids react with the formation of 
diketones or ketonic acids : 

CH2— CO . CI CH2 . CO . CgH^ ' 

I +2CeH6=J_ +2Ha 

CHj— CO . CI CHg . CO . CgH^ 

Succinic chloride 

/CO . CI /CO . CgH^ 

m- and p-CgHZ + 2 CgHg = CJti/ + 2 HQ 

xro . CI x:o . CeH^ 

Iso- and tere-phthalyl chloride 

CO +2 CgHg = CgHg.CO.CeH^ + 2 HCL 

\:i 

Phosgene Benzophenone 

In these reactions if but one chlorine atom shoyld react, the chloride 
of the three following acids would be obtained : 

Cri2 • CO . CgH j /CO . Cgli^ 

I , CfiH/ , CeH,.CO.OH. 

CH2.CO.OH XrO.OH Benzoic add 

Benzoylproprionic acvd ■^Ta.a>J>^iMl^Clivt ^cid 
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From the chloride of phthaUc acid phthalophenone is formed, i 
It of its relation to the fluorescein dyes : 



CM,. .CM, 

,ccij >c-< 



Wfiomnl 

^^^POchler's ketone, tetramethyldiamidobenzophenone is of technical 
^^^Bpoitance ; it is obtained from dimethyl aniline and phosgene, and is 
— used in the preparation of dyes of the fuchsine series (see Crystal 
VioletJ : 

XeH..N(CH^a 

(3 CsHj. N(CHa)j + COClg = CO +2 HO. 

\CeH,.N(CHj), 
The FriedeKIraAs reaction can also be used for the preparation ol 
the homologous aromatic hydrocarbons, since in place of the acid- 
chloride, halogen alkyls may be caused to act on the hydrocarbons; ^ 
CflHfl + CjHjBr = CflHi. C„H, + HBr 

I CgHj-CHa + CHaCl = CM 



"•"4h/ 



Toluene Xylene 

But in this connection the reaction is in many cases, and indeed in 
the simplest case, not of equal importance with its application for the 
ketone syntheses, for three reasons ; First, the product of the reaction 
is a hydrocarbon which can again react ; thus it is often difficult to 
limit the reaction to the desired point. For example, in the action of 
methy! chloride on toluene, not only is one hydrogen atom substituted, 
with the formation of dimethyl benzene, but varying quantities of tri-, 
telra-, penta-, and hexa-methyl benzene are also formed. A second 
disadvantage is this: In the different series a mixture of isomers is 
obtained ; in the above case, e.g., not only one of the three dimethyl 
benzenes, but a mixture of the o-, m-, and p-varieties is formed, which 
cannot be separated like the homologues by fractional distillatioa. 
The reaction is still further complicated in that the aluminium chloride 
partially splits off the alkyl groups : 

CgHs . CH, + HCl = CeHg + CHjCl. 



324 



SPEaAL PART 



Since the lower homologues thus formed again react synthetically witk 
the halogen alkyls, and the halogen alkyls on elimination also take pait 
in the reaction, mixtures often difficult to separate are formed. Ib 
some favourable cases the reaction is of use in the preparation of the ! 
homologues of benzene. The reaction is also applicable, to aromatk 
chlorides which contain the halogen in the side-chains 

CgHg.CHg.Cl + CgHg = CgH5.CH2.CgHj + HCl 

Benzyl chloride Diphenyl methane 

NOg.CgH^.CHa.Cl + CeHe= NO^.CeH^.CH^.CeH, + HO. 

Nitrodiphenyl methane 

As the chlorides of dibasic adds 3rield diketones, the alkylene chlorides 
or bromides, as well as tri- and tetra-halogen substituted hydrocarbons, 
can react with several hydrocarbon molecules, e^g". : 

2 CgHg + CHjBr — CHaBr = C^H^ . CHj, . CHj . CeH, + 2 HBr 

Dibenzyl=s 
s-D^>henyl ethane 

3 QH. + CHQ, = CH . (CeH.), + 3 HQ 

Chloroform Triphenyl methane 

CgH^ CgH^ 

4C6He + CHBr2 — CHBr2 = CH — CH +4HBn 

Acetylene tetrabromide I I 

s-Tetraphenyl ethane 

In the latter reaction, anthracene b also formed, according to the 
equation : 



Br 



V 



^6^4 ^2 + 



Br 



CH 



Br 



VnJICeH^ = CgH^ ^6H4 + 4HBr. 



Br 



Anthracene 



For the synthesis of aromatic acids the Friedel-Crafte reaction is also 
of value, although the acids themselves are not directly obtained, but 
derivatives of them, which upon saponification 3deld the free acid, e.g. ; 



CeHg + CI . CO . NHa = CgH^ . CO . NH2 + HCl, 
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: The last two reactions are to be considered as cases of the norma; 
Friedei-Crafts reaction, since the cyanate and mustard oil unite in the 
first phase with hydrochloric add, forming an acid-chloride, which then 
reacts with the hydrocarbon with elimination of hydrochloric acid, e.^. ■■ 



CeHj-NCO + HCl 



yNH.CaHj 
CX) 



L.„„.„,.....„., 

^^kbons, ethers, mono- and poly-acid phenols, naphthalene, thiophene, 
VQlplieDyl, naphthol-ethers, halogen substitution products of hydro- 
* carbons, and many other compounds can be used, the great value 

of the Friedel-Crafts reaction will be readily understood. 

Concerning the role which aluminium chloride plays in the reaction, 
' it is still not perfectly clear ; certain it is that hydrocarbons as well as 

phenol-ethers unite with it to form double compounds which are of 

assistance in causing the reaction to take place. 

(i) By the action of hydroxylamine on aldehydes and ketones, 

oximes* (aldoximes, ketoxiracs) are formed in accordance with the 

following typical reactions : 

CaHj.CHO + NH^.OH = CsH^.CH-N.OH + HJO 

CsH,.C.C(H, 
C,.H,.CO.QH, + NH,.OH = N + H.O. 

A„ 

Oximes may be obtained by three methods: (l) The alcoholic 
solution of the aldehyde or ketone may be treated, generally, with a 
concentrated water solution of hydroxylamine hydrochloride and the 
robtture allowed to stand at the ordinary temperature, or it may be 
heated in a flask provided with a reflux condenser, or in a bomb-tube. 
An addition of a few drops of concentrated hydrochloric add often 

1 a IS, 13*4- 
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expedites the reaction. (2) The formation of ozimes may be btaa^ 
about by the use of free hydroxylamine obtained by treating its hyd» 
chloride with the theoretical amount of a solution of sodium cariwnate 
(3) Oximes may in many cases be very easily obtained, i^ as abov^ 
for one carbonyl group three molecules of hydroxylamine hydro- 
chloride and nine molecules of potassium hydroxide are used; indie 
presence of a large excess of hydroxylamine in a strongly ?n«Hiie 
solution, generally a very smooth decomposition takes place. Since 
the oximes possess a weak add character, under these conditions tix 
alkali salt of the oxime is first obtained, e.^: : 



A 



K 

from which the free oxime is liberated by treating it with an add. 

Of especial significance for the stereo-chemistry of nitrogen are the 
oximes of aldehydes as well as those of the unsymmetrical ketones. 
By the action of hydroxylamine on benzaldehyde, ^.^., there is formed 
not only a single oxime, but a mixture of two stereo-isomers. This is 
also true when oximes are formed from many unsymmetrical ketones. 
The existence of these isomers is explained by the assumption that 
the three valencies of nitrogen do not lie in a plane, but that they 
extend into space, proceeding from a point like the three edges of a 
regular triangular pyramid.^ Since, e.g., in the formation of benzald- 
oxime, the hydroxyl-group of the hydroxylamine is vicinal to either 
the phenyl-group or hydrogen atom, the two following stereo-isomers 
are possible : 

CgH e . C . H CaiiK . C H 

II and II 

HO— N N— OH 

OH vicinal to CqU^ OH vicinal to H 

The stereoisomeric forms of an unsymmetrical ketone are, according to 
this conception, to be expressed by the following formulae, e.g". : 

BrCgH^ . C . C(.H 15 BrCgH^ • C . C^H. 

HO— N N— OH* 

OH vicinal to C6H4Br OH vicinal to C^ 



2 B. 23, II, 1243. 



\ 
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With symmetrical ketones it is obviously immaterial upon which of 
the two similar sides the hydroxyl-group finds itself, so that here only 
one oxime is possible. 

In this place the two mono-oximes and three dioximes of beniil may 
be referred to again. These compounds gave the impetus to the 
investigations ' of this class of compounds. They are explained by 
the following space-formula : 



QHj.C.CO.QHj 


QH.-C.CO.CaHj 
and II 

N— OH 


HO— N 




CaHj.C.C.CaH, CoHj.C- 





-C.CaH, CaHj.C ~ C 


HO— N N-OH HO— N 


HO- 


-N N— OH HO— ^ 



Not all aldehydes and unsymmetrical ketones yield two oximes- In 
many cases one form is so unstable (labile) that only the other 
(stabile) modification exists. 

(f) If phosphorus pentachloride is allowed to act on an oxime, it 
is transformed into an anilide,' e.g. : 
QHj.C.QHi 
II 
N =CaH,,.NH,CO.C6Hj 



This so-called Beckmann transformation has been of great significance 
for the explanation of the constitutioQ of the isomeric oximes. If, e.g., 
phosphorus pentachloride is allowed to act on both of the above 
formulated stereoisomeric oximes of the brombenzophenone, the same 
compounds are not obtained from both, but two different ones, which, 
as follows from their saponification products, correspond on the one 
hand to the benzoyl derivative of bromaniline, and, on the other, to 
the brombenzoyl derivative of aniline ; 

QHj . CO. NH . C„H, . Br and BrC,H^ . CO . NH . C^Hj 
The transformation takes place, probably, in the following way : II 
phosphorus pentachloride is allowed to act on an oxime, the hydroxyl- 
group is replaced by chlorine : 

IB. 16,503; 31,784, [304, 3510; sa. 537. 5^. '985. "«6. 
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I f 

OH a 



Bot 1 riini[iiiinnrf nf rfifi Irfnd rn wfiiirTi rfiinriT ii ■■Tii il mlih 

H anstabiey axkl it b imma&atelj tnasijniied iBCo a mxc stable imido- 

€hUmdtf die dtlcrine atom beia^ replaced byapheay ignjup ; 

I 




If tins is Daw treated with water, benzanifide is ^rwwm^^ in accord- 
ance with the foflawiog cqaatioa: 

QH, X , aziN X^, -h H/) = C^,.CO . XH . C^, + HQ 

If the oxime of brombenzophenoiiey fonnalatcd abore, b subjected 
to a simUar reaction, the unstable chlorides are first obtained : 

BrX^H^XX^H, BrX^^XX^H, 

and 
a— N N— CI 

a rkinal to C«H4Br Q Tidnal to C^H, 

If the tnfjui probable assumption is now made, that the chlorine 
SLUffn gives up its position to the vicinal hydrocarbon radical, there are 
formed : 

CI > C . C^H^ Br . Ci^H^ . C . CI 

II and II 

Br . CVH^ . N N . C^H, 

from which, by treatment with water, there are obtained: 
Br.C^n^.NH.COX^Hg and BrXgH^XO.NH XgHj 

licnzoyl broinanilide Brombenzoyl anilide 

Upon saponification, these yield : 
BrXyi4.NH2 + CeH^XO.OH and Br XgH^ XO . OH + CeH^NH, 

/ifomaniline Betiio\cac\d ^xo^sJo«a»v^ ^v^ Aniline 
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That hydrocarbon radical which in the oxime was vidua! to the 

hydro xyl-group, is, therefore, on saponification of the polymerised 
product, obtained in the form of a primary amine. In this way, the 
constitution of the stereoisomeric oximes of the unsymmetrical ketones 
is determined. 

Whatever may be the space configuration of the stereoisoraeric al- 
doximes, the derivatives containing an acid radical (acetyl derivative) 
of the one form ea.sily yield an add-nltiile on being treated with soda, 
while the second form does cot. The hypothesis proposed, which 
seems very probable, suggests that in the first case the acid radical (or 
in the corresponding OJtime) the hydroxy! -group ia vicinal to the alde- 
hyde hydrogen atom, while in the second case it is vicinal to the hydro- 
carbon residue : 

Owing to the nearness of the C(|H,.C.H Yields no 
oxygen and hydroxy!, it loses II nittile. 

water easily, and yields a ni- 
trile,CoHjC=N. 



rsHi.cliri 
n.|oh| 



HO.N 



84. REACTIOH : REDUCTION OF A KETONE TO A HYDKOCARBOIT 
Example: Diphenyl Methane from Beniophenone ' 

A mixture of 10 grammes of benzophenone, ta gratnnies of 
hydriodic acid (boiling-point, 127°), and z grammes of red phos- 
phorus is heated in a sealed tube' for 6 hours at 160°. The 
reaction -mixture is then treated with ether, poured into a small 
separating funnel, and shaken up with water several times. The 
ethereal solution is filtered through a small folded filter, and dried, 
the ether evaporated, and the residue distilled. Boiling-point, 
263°. On cooling, the diphenyl methane solidifies to crystals 
which melt at 27°. Yield, almost quantitative. 

Hydriodic acid, especially at high temperatures, is an extremely 
energetic reducing agent, which can be used to effect reduction when, 
as in the above case, another reducing agent, e.g.., a metal and acid, 
could not be employed. The reducing action depends on the following 
decomposition : 

a HI = H- + L 



' Before ope(i\ti^'Aic\4i 
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The above reactioD takes place in a fmnimce with the licdlowing 
[m: 



With the aid of hjdriodic add, not only ketones but also aldehydes 
and adds may be redoced to the hychocarfoon from which they are 
deriTed, e.g. : 

QH,.CHO + 4HI =C^,.CH, + Hp + 4l 

C,H,.CO.OH^6HI =CJl,.CH, + 2H,0 + 3l, 



CjyHj,. CO . OH + 6HI = C,gH» + 2 H,0 + 3I, 



Alcohols, iodides, etc., can also be reduced to th^ final reduction 
products, the hydrocarbons, e.g. : 

CjHjjl + HI = C^ + 1, 

Etbjl iodide Ethane 

CH-.OH CHj 

I I 

CH.OH +6HI =CH^ + 3HjO + 3lt 

I I 

CH^.OH CHj 

Glycerol Propane 

By heating with hydriodic add, the unsaturated compounds take up 
hydrogen, e.g. : 

CgHg + 6 HI = CgHi^ + 3 Ij 

Hezahydrobenzene 

The effect of hydriodic acid is increased by the addition of red 
phosphorus. Under these conditions, during the course of the re- 
action, the liberated iodine unites with the phosphorus to form phos- 
phorus tri-iodide : 

3 1 + p = PI, 

which with the water present again decomposes to form hydriodic add: 

PI3 + 3 H2O = 3 HI + P(OH), 

Phosphorous add 

A definite amount of hydriodic acid can thus, provided a sufl&cient 
quantity of phosphorus \s pt^sexvV, 2lc\. ^ ^ Q,QXi.^\o>M3Vis» ^^'i^sixv^ agent 
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85. REACTION; ALDEHYDE SYNTHESIS — GATTERMAHH-KOCH 

Example: p-Tolyloldehyde from Toluene and Carbon MonDzide' 

To 30 grammes of freshly distilled toluene (boiling-point 1 10°) 
contained in a wide-necked vessel (an " extract of beef" jar is con- 
venient) cooled with water, add, not too quickly, 45 grammes of 
pulverised, freshly prepared aluminium chloride and 5 grammes 
pure cuprous chloride (see page 389). The vessel is closed by a 
three-hole cork ; in the middle hole is inserted a glass tube which 
carries a stirrer (paddle wheel of glass) ; the other holes are used 
for the inlet and outlet tubes (Fig. 75) 
After the apparatus has been fastened firm- 
ly in a clamp it is immersed into 
a casserole filled with water at 
20°. A current, not too rapid, of 
carbon monoxide and hydro- 
chloric acid gas is led in through 
the prong-shaped tube while the stirrer is 
set in motion (a small motor is convenient), 
The carbon monoxide, contained in a gas- 
ometer of about 10 litres, is passed first 
through a solution of caustic potash' (1:1) 
and then through a wash-bottle containing 
concentrated sulphuric acid. The hydro- 
chloric acid is generated in a Kipp ap- 
paratus from fused ammonium chloride and 
concentrated sulphuric acid. It is passed 
through a wash-bottle containing concentrated sulphuric acid. 
The gas currents are so regulated that the volume of the carbon 
monoxide is about twice as large as that of the hydrochloric acid. 
The escaping gas is led directly to the hood opening. In the 
course of an hour when about 1-2 litres of carbon monoxide have 
been passed into the mixture, the temperature rises to 25-30° ; 
the remainder of the gas is passed in during four to five hours. 




Fig. 75. 



s prepared from formic add, Ihc o 
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If the react ion- mixture should become so viscous before the lapse 
of this time that the stirrer revolves only with diiBculty, the re- 
action may be stopped. The viscid product is then poured inlo 
a large flask containing crushed ice ; the aldehyde formed and 
any unatiacked tohiene is distilled over with steam. The distil- 
late—oil and water ^ is then shaken up with a sodium bisulphite 
solution for a long time. The toluene, remaining undissolved, is 
separated in a dropping funnel. If the aldehyde -bisulphite com- 
pound should crystallise out, water is added until it dissolves. The 
filtered water solution is then treated with anhydrous soda until it 
shows a decided alkaline reaction ; the aldehyde is then again 
distilled over with steam. It is extracted from the distillate with 
ether. Upon evaporating the ether, from 20-22 grammes of pet- 

I^iretly pure tolylaldehyde reniaiiis. Boiling-point, 204°. 
I Preparation of Carbon Monoxide 

I. Front OxaUe Acid. 

In a round litre flask heat too grammes of crystallised oxalic 
acid with 600 grammes of concentrated sulphuric acid.' The gases 
evolved are passed into two 
large wash-cylinders (Fig. 74) 
filled with a solution of caus- 
tic potash (i part caustic 
potash to 1 parts of water), 
and then into a gasometer 
(Fig. 76). At first the sul- 
phuric acid is heated some- 
what strongly. As soon as 
the oxalic acid has dissolved 
and a regular current of gas 
comes off, the flame is 
lowered. Before filling the 
gasometer the gas is tested 
by collecting a test-tube 
full over water and apply- 
ing a match. So long as 
1 the 




a slight explosion will occur. 

But as soon as pure gas b 

evolved, it burns quietly in the tube. It is then admitted into the 

gasometer. When the evolution of gas ceases, the apparatus is taken 

1 The outlet tube through which the f;Bseous iDiiture passes twfore coming in 
conracl with the causlic ptrtas^i stAution ^\vo\i\4 \k as. -sSiR aa ^asSiosJile,, ta OrdM 
tbal it may not be dogg«^ ^S ^^= ^""'' — ■" — * '^ 
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apart. Since carbon monoxide is poisonous, theexperimenliscanied 
out under the hood, and care is taken not to breathe the gas. 

3. From Formic Acid. 

Carbon monoxide is more readily liberated from formic acid. 
The latter may now be obtained at a low cost. In a half-litre 
flask, provided with a dropping funnel, a thermometer and an out- 
let tube, place 100 c.c. (no grammes) of 98-1009(1 formic acid. 
To this add, gradually, concentrated sulphuric acid. Upon the 
addition of about 50 c.c. of acid the temperature will rise to 60- 
70°. The acid is now added more slowly, drop by drop, in order 
to keep the temperature at 50-60°. If necessary, the mixture is 
gently heated on a water-bath for a short time. When the air has 
been completely replaced, the gas, consisting of pure carbon 
monoxide, is admitted into the gasometer. 

If it is desired to avoid the use of a gasometer, a regular and 
continuous current of carbon monoxide may be generated as 
follows: A litre flask, provided with a safety-tube, containing 
200 grammes of oxalic acid and zoo grammes of sulphuric acid 
(cone), is healed in an oil-bath to 120°; the temperature is 
gradually increased according to the conditions. If the gas be 
passed first into two caustic potash cylinders, and then into two 
sulphuric acid (cone.) cyhnders, it may be used directly for the 
synthesis. Or, the carbon monoxide obtained from forqiic acid 
may be used directly, after it has been dried by passing through 
a wash-bottle containing concentrated sulphuric acid. But the 
yield of aldehyde is not as good as when a gasometer is used. 

A direct synthesis of the aromatic aldehydes by means of the Friedel- 
Crafls reaction could not be brought about until recently, because of 
the instability of formyl chloride, which, if formed, decomposes imme- 
diately into carbon monoxide and hydrochloric acid : 
H . CO . C! = CO + HCl 
e stable, it should form aldehydes, in accordance with this 
X . |H + a[ . CO . H = X . COH + HCl 
But now it is known that a mixture of carbon monoxide and hydro- 
chloric acid in the presence of cuprous chloride, which combines with 
the former, behaves like formyl chloride. 

The Gattermann-Koch synthesis may be expressed by the following 
equation: ^cH, .rH 

l.CO.H NCOH 

From other hydrocarbons like o- and m-xylene, mesitylene, ethylben- 
zene, dipheny'i. etc., in an analogous way, aldehydes may be obtained. 
As has been shown in the ketone synthesfta, *.tc ti.t\iTa,Sn::i^~''- 
ibe para positha to the alkyl residue, so aiso\a ^^c*^^^^^**"' 
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the aldehyde groiq> ahnjs enters the pan pn««*ifff| to die alkfl itsidK 
Thus firom tohieiBe there is obtained : 




OH 



From o-zylene 




From m-xylene 




COH 



Since the Friedel-Crafts reaction, when applied to phenol ethers, yields 
the corresponding aldehydes £u* more easily than the same reaction 
applied to the hydrocarbons, it is remarkable that the Gattermann-Koch 
method cannot be used with phenol ethers. If it be desired to obtain 
aldehydes from them, hydrocyanic add is used in place of carbon mon- 
oxide ; in these cases the presence of cuprous chloride is unnecessary. 
The action takes place, due to the union of hydrocyanic and hydro- 
chloric acids to form the chloride of imidoformic add : 

which, under the influence of aluminium chloride, reacts with the phenol 
ether, liberating hydrochloric add : 



QH4 



/OCH3 



\ lH-i-CU .CHzrNH 



OCH, 
.CH=NH 



+ Ha 

CH=] 
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^^There b thus obtained Sisi the aldehyde-imtde which, through the 
a of adds, passes over into the aldehyde with great ease ; 



/OCH, yOCH. 

C,H,< ^ , = NH. + C.H./ 

\CH=: ^ + Ha jO \CHO 



( Xn this way it is possible to introduce the aldehyde group into phenol 
«thers as well as into the phenols. The latter always enters the para 
position to the oxalyl or hydroxy! groups. The carbon monoxide is 
obtained in accordance with the following equations : 
COOH 
(i) I =CO + COj + HjO 

COOH 
The mixture of gases is separated by passing it through a solution of 
caustic soda or caustic potash ; the carbon dioxide is absorbed, and the 
carbon monoxide emerges in a pure condition. 

(2) H . COOH = CO + HjO 



SB. REACTIOH: SAPOmFICATIOn OF AN ACID-IIITBILE 
Example : Toluic Acid from Tolyl Hitrile ' 



I 

^^PThe p-tolyl nitrile obtained in Reaction 10 is heated with 
^^Rightiy diluted sulphuric acid on the sand-bath in a round flask 
with reflux condenser until crystals of toluic acid appear in the 
condenser. For each gramme of the nitrile a mixture of 6 
grammes of concentrated sulphuric acid with 2 grammes of water 
is used. Afier cooling it is diluted with water, the acid separating 
out is filtered ofT and washed several tiroes with water. A small 
portion is dissolved in a little alcohol, and hot water added until 
the solution just becomes turbid; it is then boiled some time 
with animal charcoal. On cooling, the pure acid is obtained. 
Melting-point, 177°. Yield, 80-90% of the theory. 

By saponification in a narrow sense is understood the splitting up 
of an acid-ester into an alcohol and acid. It is, however, used in a 
wider sense to indicate the conversion of acid -derivatives, like nitriles, 
amides, substituted amides, e.g-., anilides, into acids of the same name. 
Saponification may be conducted either in an alkaline or an acid solu- 
tion. Thus, for instance, acetamide reacts on heating with a solution 



33^ SPECIAL PART 

of caustic potash or caustic soda with the formation of the alkali salt 
of acetic acid and the evolution of ammonia. Nitriles and esters may 
frequently be saponified by water solutions of the alkalies. Further, 
alcoholic caustic potash or caustic soda can be used for a similar par- 
pose. Finally, saponification may be effected by heating with a sodium 
carbonate solution under pressure; this method is especially weU 
adapted for difficultly saponifiable amides or anilides. 

In order to effect saponification in acid solution, the substance to be 
saponified is heated with either hydrochloric acid or sulphuric add in 
varying degrees of dilution, e,g, : 

+ 2 HgO = CeH/ + NH, 

CN \C0.0H 

p-Tolyl nitrile p-Toluic acid 

Acid amides may be easily saponified by dissolving in concentrated 
sulphuric acid, cooling, adding sodium nitrite, and then graduall}! 
heating,^ e.g. : 

CgHs . CO . NH2 + NOOH = CeHg. COOH + N, + H,0 

In order to saponify a nitrile by this method it is first converted b] 
heating with 85 % sulphuric acid into the amide, and this is treated ai 
directed above. 

Frequently it is better to allow the nitrite to act directly on the warn 
dilute sulphuric acid solution of the amide. 

The decomposition of the ethers of phenols is also designated as 
saponification. Such decomposition cannot be effected by the method! 
hitherto given. Hydriodic acid is used which, when heated witl 
phenol-ethers, decomposes them into the phenol and the alkyl iodide 

CgHs . OCH3 + HI = CgHg . OH + CH3I 

Anisol 

Anhydrous aluminium chloride may be used here with great advantage 
upon heating, it acts on the phenol-ether in the manner indicated b] 
the following equation: 

3 CeH^. OCHg + AICI3 = (CeH^ . 0)3A1 + 3 CHsQ 

Aluminium salt 
of phenol 

If a phenol salt is treated with an acid, the free phenol will separat 
out. This method presents the advantage that it may be applied U 
substances containing, in addition to the phenol-ether radical, a redu 
cible carbonyl group, which, if treated with hydriodic acid, would b 
changed. 

IB. 26, Ref. 773 ; aS. Re^. 9^7 \ ^^^ ■^^^'^- 
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Example : Terephthalic Acid from p-Toluic Acid 
Dissolve 5 grammes of the crude toluic acid obtained in Reac- 
tion 36 in a solutioQ of 3 grammes of sodium hydroxide in 250 c.c. 
pi water ; heat in a porcelain dish on the water-bath, and gradually 
it with a solution of 12 grammes of finely powdered potassium 
inganate in ago c.c. of water until, after long boiling, the red 
lolour of the permanganate no longer vanishes. Alcohol is then 
Fadded until the liquid is colourless, and, after cooling, the manga- 
I ncse dioxide separating out is filtered oflf; this is washed with hot 
water, and the filtrate, heated to boiling, is acidified wiih concen- 
trated hydrochloric acid. After cooling, the terephthalic acid is 
filtered off, washed with water, and dried on the water-bath. Yield, 
90 % of the theory, Terephthalic acid is insoluble in water. On 
heating, it sublimes without melting. 

It is a common property of aliphatic side-chains, united with the 
benzene nucleus, to pass over to carboxyl groups on oxidation, A 
methyl group requires 3 atoms of oxygen for oxidation : 
CsH5.CH3 + 30 = C,Hj.CO.OH + H20 



If several side-chains are present in a compound, either 
of them may be converted into carboxyl groups : 



CflH.c gives 

\CH, 




yCH. / /CH, 

C-H^-CH. gives _»-C,,H3^0.0H 
^CHj \ ^CO.OH 

/CO . OH 
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If a side-chain contains several carbon atoms, )n many cases only 
the methyl group at the end of the chain can be oxidised, e,g, : 

X.CHj.CH3 + 3 = X.CH2.CO.OH + HaO 

But by an energetic oxidation all the carbon atoms, with the excep- 
tion of the last, are split off, e.g. : 

CeH5.CH2.CH8 + 3 Oj = CeH5.CO.OH + CO2 + 2 H,0 

Ethyl benzene 

The basicity of the acid derived from the oxidation of a hydrocarbon 
accordingly gives an indication concerning the number of side-chains 
ot the hydrocarbon. Derivatives of hydrocarbons are also capable of 
similar reaction, e,g. : 

/CH3 /CO . OH 

CeH/ +30 = CeH/ + H,0 

Chlortoluene Chlorbcnzdic acid 



yCHo yCO . OH 

CeHZ +3 = CeHZ + H,0 

\NOa XNOj 

Nitrotoluene Nitrobenxolc acid 



CH3.CO.C6H5 + 3 = C6H5.CO.COOH + H,0 

Acetophenone Phenyl glyQxylic acid 

The reaction carried out above takes place in accordance with this 
equation : 

yCHg /CO. OH 

CfiH/ +30 = CgH/ + H^O 

\C0.0H \CO.OH 

Amines and phenols cannot be directly oxidised in most cases, but 
an indirect method must be employed, by which the former are con- 
verted into an acid derivative, and the latter into an ester. If, g^., it is 
desired to convert p-toluidine into p-amidobenzoic acid, the base is first 
acetylated, and the acetatoluide is then oxidised : 

yCH, /CO . OH 

C6H4< +3 = C6H/ +Hfi 

\nH . CO . CH« \NH . CO . CH- 



3 -x^xx. v^v-r .v.x*3 



The acid thus obtained is then saponified, and the desired amido 
benzoic acid is formed : 

<C0 . OH /NH2 

+ HoO = CgH/ + CH3 . CO . OH 

NH.CO.CH,^ \CO.OH 
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If it is desired, ou the other hand, to oxidis 


e a phenol, e.g.. a 


tsol. 


C,h/^ ', the sulpha 


ric acid- or phosphori 


acid-ester of it is 


first 


prepared and oxidised; the reaction-product is then saponified. As 
oxidising agent, dilute nitric acid { i vol. cone, nitric acid to 3 vol. 
water'), chromic acid or potassium permanganate is used. The mildest 
effect is obtained with the nitric acid, which is therefore used when all 
the side-chains are not to be oxidised, but only a portion of ihem, e.g.: 



NcHj 



C^Z >- CoH,< 



c 

NCO.OH 



Nitric acid is also used in other cases, where, as frequently happens 
with ortho derivatives, other oxidising agents totally destroy the sub- 
Chromic acid, in the form of its anhydride generally, dissolved in 
glacial acetic acid, or as a water solution of potassium dichromate or 
sodium dichromate acidified with dilute sulphuric acid, can also be 
used as an oxidising agent, not only in the case in hand, but also for 
the oxidation of alcohols, ketones, etc. In oxidation reactions, two 
molecules of chromic anhydride (CrOJ give three atoms of oxygen : 
2 CrOj = QOa + 3 O 

For the oxidation of aromatic hydrocarbons,' experience has shown 
that a good oxidising mixture is 40 parts of potassium dichromate, 
5^ parts of concentrated sulphuric acid, diluted with twice its volume 
of water. 

With potassium permanganate* oxidation can be effected either in 
alkaline or in acid solution. In the first case, manganese dioxide is 
deposited ; 

2 KMnO^ -I- H,0 = 30 + 2 MnOj -h 3 KOH 
Two molecules of potassium permanganate yield, therefore, in alkalin 
solijtion, three atoms of oxygen. 

In acid solution (sulphuric acid), no manganese dioxide separates 
out, since it is dissolved by the sulphuric acid, with evolution of 
oxygen, to form manganous sulphate ; 

^ KMnO, -H 3 H^SOj = 50 + K^O, -|- 2 MnSO, -|- 3 H,0 
Two molecules of the permanganate in acid solution, therefore, yield 
5 atoms of available oxygen. 

In oxidising with potassium permanganate, a 2-5% solution ia _ 

erally used. An exce.'is of the permanganate can be removed by the 

addition of alcohol or sulphurous acid. The alcohol is oxidised into 

aldehyde or acetic acid, and the sulphutoua add mVa a>^'j\va.vic. -aKNi.- 

iA.137.30^ "A-iM,*!. »-&.i,-«<Si- 
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BEACnOV : STHTHESB OP (IZ7AI«DSBTDB8. IfWKtf AID 

1 



Example: Salic^k Alddijde fram Phenol and Ghlofoioni 

In a round litre Bask dissdhre So gnunmes of caustic soda 
in So ex. of water by heating. Add 25 gnunmes of phenol; 
cool the sohition without shaking to 60-65** by immersicm in cM 
water. By means of a two-hole cork attach to the flask an effective 
reflux condenser, and insert a thermometer the bolb of which dips 
into the liquid. Add 60 grammes of chloroform gradually, as fel- 
lows: At first add one-third through the omdenser; on gentle 
shaking the liquid becomes a fuchsine-red in colour. After a 
short time the colour changes to orange, and the temperature 
rises. When it reaches 70** the entire flask is immersed in cold 
water until the thermometer indicates 65^ In this way during 
the entire reaction the temperature is always kept between 65° 
and 70^. Should it fall below 60^, the mixture is warmed by im- 
mersing it a short time in hot water until the mercury rises to 65^ 
After 10-15 minutes the second third of the chloroform is added, 
observing the precautions just given. Finally, after about 20 
minutes, the remainder of the chloroform is added. Since toward 
the end the reaction takes place very quietly, the flask is frequendy 
immersed in hot water in order to maintain the temperature 
between the prescribed limits. The synthesis requires in all fi-om 
i^ to 2 hours. Frequent shaking of the mixture, especially during 
the last phase, increases the yield materially. When the reaction 
is complete the chloroform is distilled off with steam. The orange- 
coloured alkaline liquid is allowed to cool somewhat, and is acidi- 
fied carefully with dilute sulphuric acid, upon which it becomes 
almost colourless ; finally, steam is passed into it until drops of oil 
no longer go over. 

The distillate is then extracted with ether, the ethereal solution 
separated from the water, and the ether evaporated. The residue, 
consisting of unchanged phenol and salicylic aldehyde, is treated 

i B. 9, 423, 824 ; 10, isCa; is^ *^S» ^^"^^ 
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with twice its volume of a concentrated solution of commercial 

sodium bisulphite. Upon stirring well for a long time with a glass 
rod, a solid paste of the double compound of the aldehyde and 
bisulphite should separate out. After standing from J-i hour the 
crystals are filtered with suction, pressed firmly together, and 
washed several times with alcohol to remove completely the ad- 
hering phenol, and finally with ether. The pearly, lustrous leaflets 
are then well pressed o\it on a porous plate and the aldehyde set 
free by a gentle warming with dilute sulphuric acid on the water- 
bath. On cooling, the mixture is extracted with ether, the ethereal 
solution dried over anhydrous Glauber's salt, the ether is evapo- 
rated, and the residue of the pure aldehyde is distilled. Boiling- 
point, 196°, Yield, 10-12 grammes. 

The small amount of the p-oxybenzaldehyde formed with the 
salicylic aldehyde is not volatile with steam, and remains back in 
the flask after the distillation with steam. In order to obtain it, 
the residue remaining in the flask after cooling is filtered through 
a folded filter, and the clear filtrate saturated with solid salt, upon 
which the p-oxybenzaldehyde separates out at once or on stand- 
ing. If this be filtered off, and the filtrate extracted with ether, 
a further quantity is obtained, which, together with the first, is 
purified by re crystallisation from water with the addition of a 
solution of sulphur dioxide. Mel ting -poict, 116°. Yield, 2-3 
grammes. 



The synthesis takes place in accordance with this equation : 

,ONa 
CflH.ONa + CHCL + 3 NaOH = C„h/ + 3 NaCl + 2 H.O 

NrHD 



Probably the reaction takes place in the two phases : 
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By this method the aldehyde group may be introduced into mono 
and poly-acid phenols ; it enters the ortho and para positions to a 
hydroxyl group : 

Phenol givQs o- and p-oxybenzaldehyde. 



o-Cresol 



m-Cresol 



p-Cresol 



Pyrocatechin 



Resorcin 



OH 



OHC 




CH 



and 



CHj 





OH 



and 




CHO 




only. 



= Protocatechuic aldehyde. 



OH 



OH 




OH 
CHO 



; also a dialdehyde 



OH 




OH 



Hydroquinone — >• 




CHO 



Gentisin aldehyde. 



The reaction also takes place with the ethers of poly-acid phenoli 
Thus guaiacol gives : 

OH OH 



OHC 







OCH, 



and 







OCH, 



Vanillin. 



CVlO 
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From resorcinraono methyl ether there are formed two moQoaldehydes 
and two dialdehydes. The reaction is also applicable to oicyaldehydes 
as well as oKycarboaic acids. Thus from salicylic aldehyde there is 
formed 3. mixture of two oxyisophthalic aldehydes : ' 

OH 
vOH /\r 

Cc"bv~'-HO p-oxybeazaldehyde gives : 






That resorcin, in addition to a. monoaldehyde, yields a dialdehyde, 
has already been mentioned. From the three oxybenzolc adds are 
formed two oxyaldehyde acids, 

/OH 
C6Hs:^COOH 
\CH0 

This synthesis is capable of very wide application. But it has some 
defects. Thus the yield of aldehyde obtained in accordance with the 
original directions leaves much to be desired. The yield is very much 
decreased by the fact that a portion of the phenol does not enter into 
the reaction, and another portion reacts with the chloroform to produce 
an ester of ortho formic acid : 

3 CaHjONa + CHClj = 3 NaCl + CH(OCbHj), 

A portion of the aldehyde first formed is lost by condensation with 
some unattacked phenol, forming a derivative of trip he nyl methane ; 

/CH| + 2Hl CaHj.0H C^H^.GH 

^H 
Further, a portion of the oxyaldehydes is converted into resins by 
the alkali. 

And again, many phenols react as keto-compounds, and give rise to 
varying quantities of by-products, e.^. : 

H,C\ JhTOICHCI, H,C\ /CHCI, 





^Bketoi 
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cases, thechiefproduct of the reaction consists of chlorinatHl 
ketones of this order. (B. 35, 4209 ; A. 352, 288.) 

In addition, the separation of the mixture of the mono- and dialde- 
hydea is often attended with serious difficulty. 

As already mentioned on page 334, the aldehyde group may be in- 
troduced into phenols by the use of condensation agents like aluminium 
chloride, zinc chloride, hydrocyanic and hydrochloric acids. These re- 
actions possess many advantages over those discussed above. Tfaej 
take place more smoothly, yield only the p-oxyaldehydes, and introduce 
only one aldehyde group ; further, only sraaU amounts of resins are 
formed, and finally they may be applied to phenols like pyrogalH 
phloroglucin, the tv/o naphthols, poly-acid phenols of naphthalene, etc. 
With these substances the other reaction is useless. (See B. 31, T?65; 
32, 278, etc. ; A. 3S7, 313.) 



" 



3S. REACTION : EOLBE'S SYHTHESIS OF OXTACIDS 

Example : Salicylic Acid from Sodium Phenolate and 
Carbon Dioxide' 

Dissolve 12 J grarames of chemically pure sodium hydroxide in 
I c.c. of water in a porcelain dish, or better a nickel dish, and 
with stirring, treat gradually 
with 30 grammes of crystal- 
lised phenol. The greatest 
portion of the water is then 
evaporated by heating over 
a free flame, the mass being 
continually stirred. As 
soon as a crystalline film 
forms on the surface of the 
liquid, the heating is con- 
tinued with a luminous 
flame, which is not placed 
directly under the dish, but 
is kept in constant motion. 
In order to fasten the dish, 
a pair of crucible tongs is 
damped in a vertical posi- 
tion, and the dish supported between its jaws. There is first ob- 
tained a caked, bright-coloured mass, which is crushed from lime 
to time with a mortar-pestle. As soon as the particles no longer 




f 



Fig. 77. 



lj.pr.[2] 



J9*. "7.39". V-'TUl- 
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bake together, the mass is pulverised quickly in a dry mortar, the 
dry mass is then heated with thorough stirring in a nickel dish to 
dusly dryness. It is then placed in a tubulated retort of 200 c.c. 
capacity. The retort is then immersed as far as possible in an oil- 
bath (Fig. 77}. This is heated to 1 10°, and at this temperature 
a current of dry carbon dioxide is passed over the sodium pheno- 
late (the end of the dehvery tube is t cm. above the upper surface 
of the sodium phenolate) ; this is passed into the retort for an 
hour. The temperature is then gradually raised (20" per hour) 
during the course of four hours, while a not too rapid curretit is 
passed in, to 190°. The mixture is finally heated i-z houni at 
200°. During the operation the mass is stirred several times with 
a glass rod. After cooling, the phenol in the neck of the retort is 
melted by the application of a flame to the outside, the dusty, line 
powder is poured into a large beaker, the retort is washed out 
several times with water, and the salicylic acid precipitated with 
much concentrated hydrochloric acid, /[fter the reaction -mixture 
has been cooled with ice-water a long time, and the sides of the 
vessel rubbed with a glass rod, the crude saUcyiic acid is filtered 
off, washed with a little water, and pressed out on a porous plate. 

The purification of the crude salicylic acid is accomplished 
best with superheated steam. For this purpose the acid, in a dry 
condition, is placed in a short-necked flask, and heated in an oil- 
bath to 170°, a not too rapid current of steam at a temperature 
of 170-180° (see page 41) is passed over it. The connection 
between the flask and steam generator must not be made until 
the oil-bath and the steam have the same temperature. Since the 
acid distilling over very soon stops up a condenser tube of the 
usual width, one should use for this experiment a tube of 2.5 cm. 
width (width of mantel 5 cm., length of same 75 cm.). The 
connecting tube between the flask and condenser must be 2 cm. 
wide, and as short as possible. If the acid removed from the 
condenser be dissolved in the watery distillate in the receiver by 
heating, long colourless needles separate out on cooling. Melting- 
point, 156°. Yieid, 5-10 grammes. 

The preparation of salicylic acid does not always take place 



I 
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successfully the first time. The success of the experiment depends 
particularly on the conditon of the sodium phenolate, which must 
be perfectly dry} If it " cakes " on heating the retort, there is 
great probability that the experiment will be unsuccessful. 

The operation should be so arranged that the sodium phenolatc 
is prepared toward evening, so that it may be allowed to stand in 
a sulphuric acid desiccator over night. The drying in the cunent 
of carbon dioxide is begun immediately next morning. 

The synthesis is named after its discoverer, Kolbe. It takes place 
in three phases. In the first, the carbon dioxide is added to the 
sodium phenolate, which forms sodium phenyl carbonate : 

(I .) CgH^ . ONa + CO, = CgHg . O . COJNa 

In the above experiment this reaction is completed during the heat- 
ing up to 110° for one hour. In the second phase, the sodium phenyl 
carbonate is transformed into the so-called neutral sodium salicylate : 



/OH 
(II.) CgH^ . O . COgNa = CgHX 

XO 



OH 

jNa 



while in the last phase a molecule of this salt reacts with a molecule of 
unchanged sodium phenolate in the following way : 

yOH /ONa 

(III.) CeH/ +CeH,.ONa = CeH/ +CeH,.OH 

XO.ONa XrO.ONa 

These two latter reactions take place during the gradual heating up 
to 200°. Only one-half of the phenol, therefore, is converted into 
salicylic acid, the second half being obtained unchanged. 

A modification of the Kolbe synthesis which permits the immediate 
conversion of all the phenol into salicylic acid is known as Schmitt's 
synthesis. According to this method, as in the other, the sodium 
phenyl carbonate is first prepared ; this is then further heated in an 



1 The experiment is more certain of success if the sodium phenolate is heated 
a half hour in a current of dry hydrogen at 140° (retort in the oil-bath) before the 
in trod action of the catboti d\ox\de\ the mass must be cooled to 110° before the 
latter is led in. 
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autodave under pressore to 140° upon which it b completely traos- 
fbrmed into sodium salicylate according to EquatioD II. Instead ot 
prepanog the sodium phenyl carbonate with gaseous carbon dioxide, 
the sodium phenolate may be mixed directly with liquid or solid carbon 
dioxide in the autoclave. 

The Kolbe synthesis is capable of very common application, since 
rom eacii mon-acid phenol, a carbonic acid may be obtained in the 
game way as thai used above. The carboxyl group under these condi* 
tions primarily seeks the ortho position to the bydroxyl group. The 
derivatives of phenols, e.g. the three chlorphenols, yield chlorinated 
salicylic acids. With acid-ethers of poly-acid phenols which still con- 

-OCHs 
tain a free hydroxyl group, as, e-g., guaiacol, CgH,^ , this reaction 

X)H 
likewise takes place. From the two naphthots CjgHf.OH the oxy- 

/OH 
naphthoic adds C,„Ho< , can be obtained. 

Vo.OH 
If in the Kolbe reaction instead of sodium phenolate, potassium 
phenolate b used, the para-oxy benzoic acid is obtained, and not the 
ortho-add. The potassium phenolate, like the sodium phenolate, first 
absorbs carbon dioxide, and the potassium phenyl carbonate thus 
formed, heated in carbon dioxide up to 150"^, also yields salicylic acid; 
but if the temperature is increased, an increasingly larger quantity o( 
the para-add is obtained, until finally at 330° the potassium para- 
oxybenzoate is the only product. 

The addition of carbon dioxide is effected with greater ease in poly- 
acid phenols. With these compounds the reaction begins if the phenol 
b boiled in a water-solution of ammonium carbonate or potassium 
hydrogen carbonate, eg. : 

,0H X)H 

t HO. CO. OK = CjH^H -I- H,0 
NCO.OK 

Salicylic acid is prepared technically on the large scale. Since it 
is an excellent antiseptic, it finds extensive application in preventing 
fermentation, for the preservation of meal, for the disinfection of 
wounds. It may easily be recognised, since its water solution gives 
a violet colour with ferric chloride ; in this action it differs from the 
para- and meta-modificatlona. It is volatile with steam ; for this rea- 
son it must not be boiled too long in an open vessel when it b to be 
recrystallised. All ortho-oxy carbonic adds show this property; the 



,0H 



i- and para-isomers are not volatile with steam. If sali<g4ic a 
ated strongly, it decomposes into carbon dioxide and phenol: 



yCO.( 



= C„H,.OH + COj. 



40. REACXIOH: GRIGB4KDS HEACTIOB 

I (a) Benzoic Acid from lodobenzene. (^) Benzhydrol from lodo- 
' or Brombeazene and Benzaldehyde 

(a) 1.4 grammes of magnesium shavings (or thin roagaedum 
ribbon, about 2 mm. in width, rubbed with fine emery-cloth, 
cleaned with filter paper, and cut in pieces 1-2 cm. long) aie 
placed in a flask provided with a reflux condenser, and treated 
with a mixture of 20.4 grammes of thoroughly dried iodobenzene, 
40 CO, of absolute ether ' and a granule of iodine. The flast 
dipped in hot water, or heated in a water-bath at the boiling: 
point of the ether. In J~^ hour a white, flocculent precipitalfi' 
will begin to form, and the heat of the reaction will cause t 
ether to boil actively when the water-bath is removed. If, ni: 
the bottom of the flask is wrapped up in dry cloth, so as to util 
the heat of the reaction, the greater part of the magnesium will 
into solution in the course of two hours. At the end of this 



1 For experimente (a) and (i) absc 
commercial ether are shaken several times witli 100 c.c. of water, 
reniain over granular calcium chloride over night. The ethar is 
the colciuiD chloride and treated with thin, brighl scales of sodium. The vsne 
stoppered with a cork lo which is attached a calcium chloride tube, open tX b 
ends. As soon as the evolufioa of gas ceases, the ether Es distilled off fiwn' 
sodium in the same vessel. It is collected in a suction flask nttadied to dielol 
end of the condenser with a cork, and having a calcium chloride lube connedec 
its Bide tube to prevent moisture from entering the receiver. For the suoceaiflf 
ejcpcriments the use of thoroughly dcy materials and vessels is absolutely necera 
Should the prcgresE of the opcriment (the dissolvingof magnesium) require m 
time than is prescribed above, then the reagenls wore not dry enough. Tfaeeip 
meni is repeated. The ether must again be kept in contact with sodium over nj 
Mod must be freshly ^BliCieA feom ftie &n6;\™\ Sis.V'oeSiKe Ilia to bo used. 
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me boiling of the ether will either slacken or entirely cease. It is 
once more heated for iialf an hour on a water-bath, then cooled by 
surrounding the flask with ice water. The coudenser is removed, 
and in the course of 2-3 hours a slow current of carbon dioxide 
(dried by passing through two wash-bottles containing concentrated 
sulphuric acid) is run into the ethereal solution of phenyl magne- 
sium iodide, which may still contain a small quantity of undis- 
solved magnesium. The flask is kept cold during this operation. 
The reaction mixture consists of two layers, a light upper layer of 
ether, and a heavy, viscous layer of the reaction product. When 
too rapid a cmrent of carbon dioxide is passed, a single layer of 
viscous mass will be obtained. This will not impair the success of 
the experiment if the mixture was cooled thoroughly. It is now 
treated with finely broken ice, and with a cooled mixture of 15 c.c. 
of concentrated hydrochloric acid and an equal volume of water. 
The benzoic acid is extracted with commercial ether. The ether 
is evaporated, and the residue is gently warmed with caustic 
soda or caustic potash. After filtering the undissolved portion,' 
the alkaline solution is treated with hydrochloric acid. The pre- 
cipitated benzoic acid is filtered. More acid is obtained by 
extracting the mother hquor with ether. Yield of the crude 
product lo-iz grammes. It crystallises from water in colourless 
lustrous leaves. M.P. lai". 

{i) 2,4 grammes of magnesium, 20.4 grammes of iodobenzene 
and 40 c.c. of absolute ether are converted into phenyl mag- 
nesium iodide as in (a). The product is cooled and carefully 
added, drop by drop, and with constant shaking, to a mixture of 
10.6 grammes of freshly distilled benialdehyde, and 30 c.c. of 
absolute ether. During this treatment the mixture is kept cold 
with ice water, A violent reaction takes place, with the formation 
of a yellow, and finally a white, precipitate. The reaction mixture 
is treated with ice as in (a), and then gradually with a cooled 
mixture of 15 c.c. concentrated hydrochloric acid in an equal 
volume of water. It is extracted with commercial ether. In 
order to remove benzaldehyde, ihe ethereal layer is shaken 

1 B. 40, 1584. 
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thoroughly with a dilute water solution of sodium bisu 
Upon evaporating the ether an oily reaction product is i 
which solidifies completely when it is cooled and rubbed w 
glass rod. It is pressed on a porous plate and crystallised froi 
ligroin. Yield of the crude product 10-14 grammes. Benzbydr 
forms colourless needles which melt at 68°, 
I With brombenzene and magnesium the experiment is cam't 
out in the following manner : 3.4 grammes of magnesium ! 
covered, in the presence of a granule of iodine, with a mixture 
of 15.7 grammes of brombenzene that must be perfectly dry and 
must possess a constant boiling point, and 50 c.c. ( 
ether. If the materials used were pure and perfectly dry, tl 
reaction will commence in a short time when the mixture i 
heated on a water-bath as in {a), i.e. the ether will continue ic 
boi! when the water-bath is removed. Almost all the magnesiua 
goes into solution after ^-^ hour, and the boiling of the ethtt 
ceases. It is now heated moderately on the water-bath for a 
quarter of an hour. The treatment with benzaldebyde is exxiA 
the same as with phenyl magnesium iodide. 

Weareindebted to Grigaard for the important observation that m 
brom or manoiado derivatives of different hydrocarbons (i mole( 
weight) uuite with magnesium (I atomic weight) ii 
absolute ether, e.g. : 

CHjI + Mg ^ Mgcf^ ', 

Methyl masDenuu iodidn 

CjH.Br -H Mg = Mg/^ '. 
^Br 

With long carbon chains in the aliphatic series, saturated hyt 
carbons are also formed, and the longer the chain the more readiq 
will this reaction take place. With molecules containing s 
carbon atoms, the main reaction consists in the removal of halogen, a: 
the formation of the hydrocarbon : 

2 QHiB . Br -H Mg = MgBr, + CaH«. 
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In an analogous way are formed QHj. Mg.Br and C^Hj- Mg. I = 
phenyl magnesium bromide and iodide ; C^j . CH, . Mg . I = beniyl 
magnesium iodide; C,H[, . Mg . 1 = hesahydrophenyL magnesium io- 
dide (from iodocyclohexamelhylene), etc. Since these compounds are 
(brmed only in the presence of ether as solvent, it is probable that the 
ether not only serves as a solvent, but also plays an essential part in 
T of fiict a compound C^j . Mg - 1 + (CjHj),0 



has been isolated which may be regarded as a 



derivative : 






The alkyi magnesium iialoids or their ether derivatives are soluble 
in ether. On account of their unusual reactivity they may be used gen- 
erally for the synthetic preparalion of a large number of compounds. 
Thus ky^ocarboiis may be obtained when oigano-magnesium coro- 
pouods are treated with water or other substances eoniainiog the 
bydroxyl group, e^. : 



'^\0H- 

Hydrocarbons are likewise obtained synthetically by the action of alkyl 
sulphates. e.g. .- 

,Br 
CaHi . Mg . Br + SO.CCHJ, = C„Hj . CHj + Mg< 

X) . SO.CH, 
In the synthesis of alcohols (mentioned below) hydrocarbom of t/u 
ethylene series are formed, either as by-products, or as main products. 

They unite with aldehydes to form double compounds, which are 
decomposed with water, yielding secondary alcohols, eg.: 



CM, 



yH 



H 



.qC +C„H..Mg.I = C,H..C^O.Mg.I, 

" ' B=.i=n«g. "-OH 

nuium iodide Diphepyl c^tbinol 
qr beiuhydrol 

This reaction was carried out above in (i). 

When the simplest aldehyde (formaldehyde) is used in the form of 
its polymer, trioxy methylene, primary alcohols are formed. 

In an analogous manner, tertiary alcohols are formed when ketones 
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CgHg.CO.CHg + CHj.Mg.I =Cffln.C^O.Mg.ly 

Acetophenone CHg 



yCHg A /yCH. 

^O .Mg.I + HOH = Mg< + C^ 
XTHg ^ OH VCH. 

OH 



Phenyl -dimethyl 
carbinol 

The esters of mono- and poly-basic carbonic adds also react readily 
with alkyl magnesium haloids with the formation of alcohols. In this 
case, two molecules of the magnesium compound react with one molecule 
of the ester. Thus from the esters of formic add secondary alcohols are 
formed, e.g.: 

yH AO.Mg.Br 

C^O +C2H5.Mg.Br = C<: 

Ethyl fonnate OCjH^ 

AO.Mg.Br 

V^sfii , /Br /O.Mg.Br 

^ I OQH, + Br . M^ QH, = MgK + CT 

^OC^H, X^QH, 

C2H5 

.H ,Br /qH, 



/o.Mg.Br+ HOH = Mg<f + C<f 
:< ^OH VH 



^CgH^ 'OH 

^CM. Diethyl carbinol 

In an analogous manner the esters of all the other monobasic acids 
form tertiary alcohols. Thus ethyl acetate forms with ethyl magnesium 
bromide : 

yCHg 

C^ = Methyl diethyl carbinol. 

VC2H5 
^OH 

The reaction amounts essentially to the replacement of the carbonyl 
oxygen atom of the corresponding free acid by two univalent hydrocarbon 
residues. In this way, the esters of dibasic adds yidd diacid alcohols 
Thus from oxalic ester is iotmed*. 



A/^ 






A' 
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If this is dissolved in hydrochloric add, one molecule of this is added, 
and, as in the formation of Msdachite Green, the elimination of a mole- 
cule of water immediately takes place and the dye is formed : 

XeH,.N(CH8), 
XTeH^.NCCHa), 



/CeH,.N(CH3), 



oW:eH,.N(CH3)2 
'XeH^.NCCHa)^ 



or 



HC/^H 



Crystal Violet 

It is a derivative of parafiichsine : 



yCgH4 . NH2 
XTeH^.NHga 



or 



yCeH,.NH, 
C^eH^.NHa 
^CgH^iiNHj.a 



indeed, it may be considered as a hexamethyl parafiichsine. It is pre- 
pared technically in the same way, and forms the principal constituent 
of the Methyl Violet obtained by the oxidation of dimethyl aniline. 

Dyes can also be prepared in the same way by the combination of 
other amines with Michler's ketone, of which it is only possible to 
mention here Victoria Blue and Night Blue. 

44. REACTION: CONDENSATION OP PHTHALIC ANHYDRIDB WITB 
A PHENOL TO AN ANTHRAQUINONE DERIVATIVE 

Example : Qulnliarin from Phthalic Anhydride and 

Hydroquinone ^ 

A mixture of 5 grammes of pure hydroquinone and 20 grammes 
of phthalic anhydride is heated in an open flask with a mixture 
of 100 grammes of pure concentrated sulphuric acid and 10 



r 



» 
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grammes of water for 3 hours in an oil-bath to 170-180°, and 
fiDally for i hour at 190-200°. The directions as to time and tem- 
perature must be followed iis exactly as possible. The hot solution 
is poured, with stirring, into about 400 c.c. of water in a porcelain 
dish, heated to boiling, and filtered hot with the aid of a BGchiier 
fiinneL The residue remaming on the filter is again boiled ont 
with water and filtered while hot. In order to separate the quini- 
zarin from carbonaceous decomposition products, the precipitaie 
is boiled with 200 c.c. of glacial acetic acid, filtered hot with 
suction, the filtrate poured into a beaker, and, while hot, treated 
with its own volume of hot water. The residue remaming on the 
filter is again boiled up with 100 c.c. glacial acetic acid, and, after 
filtering, treated as above. On cooling of the diluted acetic acid 
solution, the crude quinizarin separating out is filtered off, washed 
with water several times, dried first on the water-hath, and finally 
in an air-bath at izo°. Since it is difficult to obtain it pure by 
crystallisation, after drying it is distilled from a small retort of 
difficultly fusible glass, and is driven over as rapidly as possible 
with a large flame. A beaker is used as a receiver. It is more 
convenient to use a porcelain mortar, and a porcelain dish as a 
cover. After the distillate in the receiver and that in the neck of 
the retort (this is broken) has been finely pulverized, it is crystal- 
lized from glacial acetic acid, from which, on cooling, the quinizarin 
separates out in the form of large, orange-yellow leaves ; these are 
filtered off and washed with glacial acetic acid, which is steadily 
diluted with water, until finally only pure water is used. Belter 
crystals (dark -red compact needles) may be obtained by dissolving 
the distilled quinizarin in toluene, heated on a water-bath. The 
filtered crystals are washed first with toluene and then with alcohol. 
Under the preparation of fluorescein, it has already been mentioned 
that phthalic anhydride condenses with phenols in certain proportions, 
to form derivatives of anthraquinone. The reaction just effected takes 
place in accordance with the following equation : 

IC^Ha COH)j = C,,H,/ ^>CuH,(OH)3- 
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s way, mono-acid- as well as poly-acid phenols, coudense 
i phthalic anhydride. It is-of theoretical importance that from 
Bfcatechol (o-diosy benzene), besides a second isomer, alizarin is 
aiued, showing that the two hydroxyl groups in alizarin are in the 
ortho position lo each other. Of practical significance is the above 
reaction for the preparation of anlhragallol, which is obtained on the 
large scale by heating pyTogallol with pbthalic anhydride: 

C^4<r"^ |0 + H,| .C.H.(OH), = CgH^<f~ j>CaH.(0H)3 + H,0. 

PyngtiOa'l Tnoiyimifaraqutnanc^ 

It may be mentioned ■ briefly that by the condensation of beniolc 
acid with oxybenzoic acids, similar compounds are also obtained : 

,(OH)5 = CeHv(^^CaH.(OH)j + aHjO. 



Quinizarin dissolves, like oxyanthra qui nones, 
violet colouration. (Try it.) 



In an autoclave or an iron pipe with a cap which can be 
screwed on (see page 69), heat a mixture of 10 parts comtneTcial 
sodium anthraquinonemonosulphonate, 30 parts of sodium hy- 
droxide, 1,8 parts of finely pulverised potassium chlorate, with 40 
parts of water, for 20 hours to 170°. After "cooling, the melt is 
boiled out witli water several times, and acidified at the boiling- 
point of the solution _in a large dish with concentrated hydro- 
chloric acid. The alizarin separating out is then filtered off 
according to the quantity, either with suction or with the aid of 
a filter-press, washed with water, pressed out on a porous plate, 
and dried in an air-bath at lao". In order to obtain it com- 
pletely pure, it is distilled rapidly from a small retort, and is 



'''''C^'''Kso 



+ 3NaOH + 
Na 

OX)Na 

The tendency to the fonnation of alizarin is so great that even with- 
out the addition of an oxidising agent (potassium chlorate or nitrate), 
it is formed with the evolution of hydrogen. Formerly the oxygen of 
the air was used as the oxidising agent, the reaction being effected 
in air. 

In order to prepare alizarin on the large scale, anthracene is the 
starting-point ; this is obtained from the highest-boiling fractions of 
coal tar (anthracene oil). It is oxidised by chromic acid to anthra- 
quinone (see below), and this on heating with sulphuric acid 4s con- 
verted into the monosulphonic acid. The separation of this latter 
compound is greatly facilitated by the fact that it forms a sodium salt 
difficultly soluble in water, which, on account of its silvery appearance, 
is called "Silver salt." If the sulphonation mixture is diluted with 
water and neutralised with sodium carbonate, the sodium anthraquinone- 
monosulphonate is precipitated directly, which thus obviates the neces- 
sity of removing the excess of sulphuric acid beforehand. On the large 
scale the alizarin fusion is conducted exactly as on the small scale, 
except that autoclaves, with stirring attachments, are used. The con- 
stitutional formula of alizarin is : 



CO 



OH 




The salts are intensely coloured. The red aluminium salt, the 
vioJet ferric salt, and the garnet-brown chromic salt are especially im- 
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crystallised from glacial acetic add, or in large quantities from 
nitrobenzene. 

The sodium hydroxide fusion of the sodium anthraquinonemono- 
sulphonate is an abnormal reaction to the extent that besides the re- | 
placement of the sulphonic acid group by hydroxyl, a hydrogen atom 
is also oxidised to a hydroxyl group : 
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portant in dyeing. With alizarin and all its related (X)ni[H)unds the 
dyeing is effected by mordanting the fibre with a salt of one of the 
three oxides just mentioned; the thus prepared fibre is heated with 
a thin dilute water-paste of the free insoluble dye, whereby salts arc 
formed on the fibre (Lakes). 

From two disulphonic acids of anthraquinone, two trioxyanlhra- 
quinones, flavo- and anthra-purpurin, are prepared in a manner analo- 
gous to that by which alizarin is obtained from the monosulphonic 
acid. 

From alizarin there can be prepared, further, by nitration, the a- or 
)S-nitro-alizarin, and from this, by reduction, the corresponding amldo- 
alizarin. From )S-nitro- and amido-alizarin, by heating with glycerol 
and sulphuric acid, the important Alizarin Blue is obtained. Further^ 
by the action of fuming sulphuric acid on alizarin there is obtained a 
tetraoxyanthraquinone (Bordeaux), etc. 



46. REACTION: ZINC DUST DISTILLATKni 

Example : Anthracene from Alizarin or Qainlzarin 

To a paste prepared by rubbing up 100 grammes of zinc dust 
with 30 CO. of water, add pieces of porous pumice stone of a nlzc 
that will conveniently pass into a combuMtion tube, and stir them 
around so that they become covered with the zinc dust ]>aste« 
They are removed from the paste with jjinccrs, heated in a porce* 
lain dish over a free flame (in constant motion) until the water Is 
evaporated. A comtjrustion tul;c of hard g1as?i 60-^0 cm. Ir/ng 
is drawn out at one crul Uy a narrow tul>c, the narrowed end is 
closed by a loose plug (/{ astx;st/>», ami a hyer of zinc dust 5 cm« 
long is placed next to the plug ; then follows a mixture of |-i 
gramme of alizarin or finitti/Miti with 10 grammes of zinc dtttt, 
and finally, a layer (A jmrnUAs-yyim fimi 30 cm, long. After a 
canal has been Umtif^A w^ f,h« r,\nt, (Smi, )yy plftnmg the Itibe m 
a horizontal yAtium ftf*fi ^ftf/pir^j/ >^ ihf>. V}}pe h transferfed to s 
combcistkm fofna/;^ iwM^ al aft hhXufit sittfpe, and dry hfdtog/eu 
is passed ihrm^t ih^ Ui^t^ mhffi^ h^.nrm^. In '/rdet io ie^A 
whether theaii^ jl^^ |*^x/,. //^z^j^f^.^^j^ <^)fp<^lfed fro^rw !?v^ inh^f ^'^f^a 
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^^B is atta 
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Open end is closed by a cork bearing a small glass tube 
is attached a piece of rabber tubing ; the gas being evolved 
conducted into a soap solution, and the bubbles formed 
ignited, during which the greatest care must be taken to keefl 
the Rame from coming in contact with the gas issuing from 
rubber tubing, otherwise a serious explosion may result. If ffl 
explosion accompanied by a report takes place when the bubbks 
are ignited, the air has not been completely removed, but if they 
bum quietly, then only pure hydrogen is present.' When this is 
the case, the current of gas is diminished so that only two bubbk): 
per second pass through the wash-botde; the pumice-zinc doAf. 

>is then heated with small ilames, these are increased in size 
gradually, and finally, the tiles being placed in position, it u 
heated as strongly as possible j then the rear layer of 5 cm. of 
zinc dust is similarly heated, and as soon as this glows, as in the 
nitrogen determination, the mixture of the substance and zinc 
dust is gradually heated. The anthracene formed condenses to 
crystals in the forward cool part of the tube. After the reaction 
is complete, while the tube is allowed to cool, a moderately rapid 
current of hydrogen is passed through it ; the forward part of the 
tube containing the anthracene is broken off and the substance 

• removed with a small spatula ; it is purified by sublimation in a 
suitable apparatus (see pages 14 and 15). Melting-point, 113*. 
The sublimed anthracene is dissolved by heating in a test- 
tube with a little glacial acetic acid ; it is treated with about 
double its weight of chromic anhydride, and heated a short time 
to boiling. The solution is then diluted with several times its 
volume of water, the anthraquiuone separating out is filtered o^ 
washed with some dilute sulphuric acid, then with water, and 
I finally crystallised in a test-tube from a little glacial acetic acidi 

^^^ Long colourless needles of anthraquiuone, which melt 
^^B thus obtained. 

^■^ All 



'i 



1 As dtscribed under Carbon 
a test-tube with the gas over v/i 
tube. 
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Zinc dust is, especially at high temperatures, an eicetlent reducdng 
agent (Baeyer, A. 140. 2osJ, which can be used for the reduction of 
almost all aromalic oxygen compounds derived Irom hydrocarbons, e.g. : 

^^r C, H,. OH + Zn = C,H, + ZnO 



PYRIDINE AND QUINOLINE SERIES 
1. REACTIOR: THE PYHIDIHE SYNTHESIS OF HAHTZSCH' 



Also kel one-oxygen, as the aJxive example shows, can be replaced 
by hydrogen. The reaction given under Aliiarin possesses an historical 
interest, since, by means of it, Grabe and Liebermann, in 1868, dis- 
covered thai alizarin, which had been previously obtained from madder 
root, was a derivative of anthracene, and could be prepared syntheticaUy 
from it. (B. I, 43.) 

Dthydrocolhdinedicarbonic Acid Estfr, — A mixture of 15 
grammes of acetacetic ester and 8 grammes of aldehyde-ammonia 
is heated in a small beaker on a wire-gauze, about three minutes, to 
ioo-rio°, the mixture being stirred with the thermometer. The 
warm re action -mixture is then treated with double its vglume 
of dilute hydrochloric add, and stirred vigorously without further 
heating until the hquid mass solidifies. It is then thoroughly tritu- 
rated in a mortar, filtered, washed with water, and dried, either 
by pressing out, or by warming on the water-bath. For the further 
working up of the coUidinedi carbonic acid ester, the crude product 
can be directly used. In order to obtain the dihydroester in a 
crystallised condition, 2 grammes of the r.rude product are dissolved 
in a small quantity of alcohol in a test-tube, by heat, and allowed 
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to cool slowly. Colourless tablets with a bluish fluorescence ire 

thus obtained. Melting-point, 131°, 

ColUdinedicarbonic Acid Ester. — The crude dihydroester is 

treated in a small flask with an equal weight of alcohol ; complete 
solution does not take place. 
Into the mixture cooled by 
water pass nitrous fumes (Fig. 
Si), until the dihydroester goes ( 
into solution, and a tesl-porti( 
dissolves to a clear solution 




dilute hydrochloric acid. The 
■"^^^Tf"^^^^ alcohol is then evaporated by 

jjA 1¥ heating on the water-bath, the 

II IV^I^B ^'^''^^ residue is treated with a 
r JiL ■■■H sodium carbonate solution lo 
alkaline reaction ; the oil sepa- 
%x. rating out is taken up with ether, 

After the ethereal solution has 
been dried by a small piece of potassium hydroxide, or potash, 
the ether is evaporated, and the residue subjected to distillation ; 
on account of the high boiling-poini of the ester, a fractionating 
flask is selected, having the condensation tube as near as possible 
to the bulb. The fraction passing over between 290-310° can be 
used for the following experiment : 

Potassium CoUidine Dicarbonate. — The saponification of the 
ester is effected by boiling with alcoholic potash, prepared in the 
following manner : Finely pulverised potassium hydroxide (a parts 
to I part of ester) is moderately heated in a flask on a wire-gau». 
with 3 times its weight of absolute alcohol, until the greater portiffll' 
has passed into solution. The alcoholic solution is then poured.' 
ofl^ from the portion remaining undissolved, treated with the estet;' 
to be saponified, and heated 4-5 hours on a rapidly boiUng watei-J 
bath (with reflux condenser) j the potassium salt separates out 
crusts. The alcoholic liquid is then poured off from the 
and the latter washed on the filter with alcohol and tiuaUy 
ether. 
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Coiiidine. — The dried potassium salt is intimately mixed in a 
mortar with double its weight of slaked lime, and placed in one 
end of a hard glass tube (about 2 cm. wide and 55 cm. long). 
In order to prevent the mixture from being carried over into the 
receiver on heating, a small, loose plug of asbestos is placed in the 
tube in front of it After a canal has been made by tappings 
the tube is connected with an adapter bent downwards, by means 
of a cork or asbestos paper ; it is then transferred to a combustion 
furnace, the rear end of which is somewhat elevated and warmed 
throughout its entire length with small flames, beginning at the 
closed end. The flames are steadily increased in size until, with 
the tiles in position, the tube is heated as strongly as possible. 
The coUidine passing over is taken up with ether, dried with 
potassium hydroxide, and, after the evaporation of the ether, is 
subjected to distillation. Boiling-point, 172°. 

On heating acetacetic ester with aldehyde-ammonia, the following 
reaction takes place (see A. 215, 8) : 

CHs 

r /""^ 

OCH C2H6O.OC.C C.CO.OC2H6 

CsH60.CX:.CH2 CHz.CO.OCaHs = || || 

I I CHs— C C— CHs 

CHs. CO CO. CHs \xt/ 

HNHa Y 

H +3 H2O. 

DihydrocoUidinedicarbonicethyl ester 

The reaction may be modified by using other aldehydes instead of acet- 
aldehyde ; thus there is obtained from benzaldehyde, acetacetic ester, 
and ammonia, the dihydrophenyllutidinedicarbonic ester : 

r- XT QH5 

OCH y^^\ 

CH60.0(>-CH2 CH2— CO.OC2H6 = C2H60.0CU-C C—CO.OCaH 

CHs— CO CO— CHs HsC— C C-CHs 

NHaH \nh/ 

^" +3H2C 
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With proprionic aldehyde, butyraldehyde, valeraldehyde, oenanthot 
myristic aldehyde, nitrobenzaldehyde, phenylacetaldehyde, furfurol, 
.ind others, the reaction can be carried out. All the compoundi 
obtained contain the methyl groups of the two acetacetic ester mole- 
cules, but the third side-chain is different, depending upon the nature 
of the aldehyde employed. 

By passing nitrous fumes into an alcoholic solution of the dihydro- 
ester, two hydrogen atoms, and those particular hydrogen atoms in 
combination with carbon and nitrogen in the methenyl- and imido- 
groups, respectively, will be oxidised off, and there is formed a deriva- 
tive of pyridine, containing no ring hydrogen. While ^he dihydro- 
esters possess no basic properties, the pyridine derivative dissolves i» 
acid. Therefore, by treating the solution with hydrochloric acid, it 
can be; determined whether any unchanged dihydroester (insoluble in 
add) is present. 

Concerning the saponification of the ester, refer to what was said 
under Reaction 36. 

The splitting off of carbon dioxide from a carbonic add, or a salt 
of a carbonic acid, is generally designated as a " pyro-reaction." For 
this kind of action a calcium salt is most frequently used ; this is mixed 
with slaked lime and subjected to distillation, e.g, : 



CfiH,. COOca 4- caO H = C«H« + CaCO 



'6*^6 



Calcium benzoate 

(ca=4 Ca) 



In poly-basic acids, all the carboxyl groups can be replaced by hydro- 
gen. In this way an acid may be transformed into the hydrocarbon 
from which it was derived. In the above case, the potassium salt may 
be used instead of the calcium salt. 



2. REACTION: SKRAUP'S QUINOLINE SYNTHESIS 

Example: Quinoline 

In a flask of about i^ litres capacity containing a mixture of 
24 grammes of nitrobenzene, 38 grammes of aniline, and 120 
grammes of glycerol, add, with stirring, 100 grammes of concen- 
trated sulphuric acid. The flask is then connected with a long, 
wide reflux condenser, and heated on the sand-bath. As soon 
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as the reaction begins, which is recognised by the sudden e^iohh 
tion of bubbles of vapour ascending through the liquid, the iUme 
is removed, and the energetic reaction is allowed to compkHt^ 
itself without further heating from without. When the resctkA- 
mixture has become quiet, it b again heated for three hoars <«i 
the sand-bath, diluted with water, and from the acid Uqiiid Uie 
unchanged nitrobenzene is removed with steam. As soon ats do 
drops of oil pass over, the distillation with steam is discontinned. 
The liquid remaining in the distillation flask is allowed to coo) 
somewhat, and then made alkaline with concentrated canstk soda 
solution, upon which the liberated quinoline, mixed with the 
unchanged aniline, is distilled over with steam. Since these sob* 
stances cannot be separated by fractional distillation, their separa- 
tion must be effected by a chemical method. For this purpose 
the distillate (oil and water solution) i% treated with dilute sulphuhr 
acid until all oil is dissolved and an txtjs^ of the acid is present : 
to the cold solution a solution of %tA\nm nitrite i§ added until a 
drop of the liquid will cause a blu^ %\fti *m jy^yt^^^iym iodide-slartb 
paper; if the blue colour t\f>ti% rM i0\f\t^jktf «d'l more sulphurit 
add to the mixture. '!>*« auW'm^t (\fihmfy f^tnUfif h c^^rerlH 
into diazobenzeniesulf^i^O/e; wUtk *U*i ^Mi^ry fftih^jhtfi retnains 
unchanged. The trnxUif. \% >^*«Ui) f/,^ t^ftfi,. <|^^^*. ,^i i}^^ ir«t?r- 
bath, by which, 9» 'm V^.wX^fU ^,^ ^h^ ^SUfn ^^\\iSsi>s^ \^ rvrt^t'^ft*'! 
into phenol 'llwr \¥yM \% ftjt^'m ffff^^l*- i^t^ftUft^t *Ht'ffi ifh}'h ih*^ 

nuxtnre is tiow A^t^i\i^A ¥irf*h ^^t-H^H, f*n*i ^hh >inUi>i\)Hh )«« ^/M^^^fM 
m a pore o>odjty/f> ; p* ^^^^j-h ^\t ff^^h ^M/*.^, ^h- >.M*k^ *«^'*|/a^m**'*I^ 
and the «;w4»j^ 4^jUs^4 t^nith^ ftnht^f 4^j /i^M^ ;(>^ y^i^ 
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The oxygen ne'^^ssary for the reaction is taken from the nitrobenzene, 
which is hereby reduced in a manner that is not wholly dear. It is 
possible that the reaction may take place in this way : first, acrolein is 
formed from glycerol, under the influence of sulphuric acid : 

CH2.OH CHg 

CH.OH =C 



Cxin* 



I 



H +2HjQ. 



OH CHO 



Like all aldehydes, this condenses with aniline to form acrolda 
aniline. 

QH, . NHo + CHO . CHizCHo = C«H^ . N=CH— CHzzCH, + H,0 . 



While this, under the influence of the oxidising action of the nitro- 
compound, loses two atoms of hydrogen, and thus quinoline is formed: 




Quinoline 



+ Hfi 



The Skraup reaction is capable of a very many-sided application. 
If, instead of aniline, its homologues are used, methyl-, dimethyl-aniline, 
etc., the corresponding quinoline is obtained. Also halogen-, nitro-, 
etc., substituted amines, yield halogen-, nitro-, etc., substituted quino- 
lines. Amidocarbonic acids, amidosulphonic acids, amidophenols, yield 
carbonic acid-, sulphonic acid- or oxy-derivatives of quinoline. The 
reaction is also applicable to the corresponding amido-compounds of 
the naphthalene series. By starting from the diamines, two new pyri- 
dine rings, connected with the benzene ring, are formed ; in this way 
the so-called phenanthrolines, etc., are obtained. 

Of technical and historical interest is the discovery which was made 
by Prudhomme in the year 1877, that ^-nitroalizarin, on heating with 
glycerol and sulphuric acid, yields a blue dye, Alizarin Blue. This 
gave the impetus to Skraup's synthesis. To Grabe's investigations we 
are indebted for the knowledge of the process by which, as above, a 
quinoline synthesis is effected in the following way : 
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IV. INORGANIC PART 

1. CHLORINE 

A flask is one-third filled with manganese dioxide (pyrolusite) 
in pieces the size of fUberts ; to this is added a quantity of con- 
centrated hydrochloric acid which is just sufficient to cover it. 
On heating the mixture on a wire gauze with a free flame, a regular 
current of chlorine is generated ; this is passed through two wash- 
bottles containing water and concentrated sulphuric acid respect- 
ively; the water retains any hydrochloric acid which is carried 
along with the gas, and the sulphuric acid dries it. (See Figs. 74 
and 87.) A piece of thin asbestos-paper is placed on the wire 
gauze, as is always done on heating large flasks, by which the 
danger of breaking is essentially diminished. A very regular 
current of chlorine can also be obtained from finely pulverised 
potassium dichromate and crude concentrated hydrochloric acid 
by heating the mixture on the water-bath. To i litre of hydro- 
chloric acid, use 180-200 grammes of pulverised potassium 
dichromate. 

Concerning the preparation of chlorine from potassium per- 
manganate and hydrochloric acid see B. 35, 43. 

2. HYDROCHLORIC ACID 

Gaseous hydrochloric acid, which is frequently needed for the 
preparation of acid-esters, is generated most conveniently in a 
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Kipp apparatus charged with fused ammonium chloride in pieces 

B large as possible, and concentrated sulphuric acid. The opera- 

I tion is conducted in the same way as that for the generation of 

I carbon dioxide or hydrogen from a Kipp apparatus. 

If the apparatus is nol available, the acid can be generated veij 
I conveniently in the following manner : 

In concentrated hydrochloric acid contained in a suction flask 

allow to flow from a separating funnel concentrated sulphuric acid, 

I drop by drop {Fig. 82). The hydrochloric acid evolved is dried 

by passing it through concentrated sulphuric acid contained in t 



I 




^L boi 
^H ter 



Fic. 83. Fig. 83. ' 

safety wash-bottle (Fig, 83) ; this latter is always used, 
otherwise, with an irregular gas current, the liquid to be saturate 
may be easily drawn back into the wash-bottle and then into t 
generating mixture. In place of a Woulff-flask with three 
lures, a sing!e-neck wash-bottle may be converted into a safety 
bottle as follows (see Fig. 84) : Into a two-hole cork place i 
straight tube as wide as possible ; through this insert a narroM 
delivery tube, bent at a right angle, which reaches almost to t 
bottom of the bottle. 

iquid to be saturated cannot flow back into the 1 
bottle with this arrangement, since in case there should be j 
tendency to do so, air would enter the suction-flask through t 
space between the delivery tube and the wider tube, thus reUei 
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the pressure. If a wash-bottle having a side-tube is available, : 
can also be converted into a safety-tube (see Fig, 85). 





Hydrochloric acid gas may also be obtained by warming 10 
parts of sodium chloride with a cold mixture of 3 parts of water 
and 18 parts of concentrated sulphuric acid. 

3. HYDROBROMIC ACID (see Brombeniene) 
The hydrobromic acid obtained as a by-product in the bromina- 
tion reactions is purified by distilling it from a fractionating flask. 
Water first passes over until finally the temperature remains con- 
stant at 116°, when a 48 % acid goes over ; this is collecled. 

In order to prepare potassium bromide for use in the prepara- 
tion of ethyl bromide, the acid is diluted with some water and 
then treated with dry potash until there is no further evolution of 
carbon dioxide and the liquid shows a neutral reaction. To 
I part of hydrobromic acid 0.5 part potassium carbonate is used. 
The water solution of the potassium bromide is evaporated to dry- 
ness on a water-bath. The product thus obtained may be used 
directly for the preparation of ethyl bromide, 

4, HYDRMDIC ACID 

To 44 grammes of iodine (not pulverised) contained in a small 
round fiasli of about 100 c.c. capacity (Fig. 86), gradually add 4 
grammes of yellow phosphorus divided into about 8 pieces under 
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I water; these are dried just before transferring them to the flask, bfi 
pressing between layers of blotting-paper. The first piece of phos-. 
phorus added unites with the iodine with an active evolution of 
heat and light. When the first action is ended, after shaking the. 
contents of the flask, which soon become liquid, the second piece. 
is added. The reaction still proceeds with evident energy, al- 
though it is less intense than when the first piece was added. 
Care is taken to place the phosphorus as nearly as possible in the 
middle of the flask, and not to allow it to fall on the walls, since 
otherwise the flask may be easily broken. When all of the phos- 
phorus is added, a fused, dark mass of phosphorus triiodide is 
obtained whicli becomes solid on cooling. The hydrtodic acid pre- 
pared from this by warming witt 
water, must be passed ove 
phosphorus in order to free il' 
from iodine which is carried ■ 
along with it. Proceed a 
lows : 5 grammes of red phos- 
phorus are rubbed i^i 'o a pasttt 
with 2 c.c. of a water solution 
P9 ^&bP9 l^ °^ hydriodic acid, or in case thil 

g ^rf jtt^ is not available, with as littl( 

f ^ / ..^^^^^^ water as possible (i c.c. at thl 
L^^ ^ie=^ most). In this is placed glas 

^^- ^^ beads, or bits of broken glass 

which on stirring around in the mixture become covered with ti 
paste. They are then transferred to a U-tube, Wide connectiiig 
tubes are used between the generating flask and the U-tube. In orda 
to prepare a water solution of hydriodic acid, the gas issuing from tt 
U-tube is passed into 45 c.c. of water (see Fig. 86). The glass tahi 
is not immersed in the water, but its end must be i cm. above th 
surface; otherwise, in consequence of the great afiSnity of water fc 
hydriodic acid, under certain conditions the watermay be drawn back 
The hydriodic acid is now obtained by treating the compkUi_ 
cooUd phosphorus triiodide with 6 grammes of water and warol 
ing with a I'ery small luminous flame. The contents of the flaa 
I Steadily become clearer, while in the other flask the heavy laye 
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ij-drinflic acid sinks to the bottom. The heating is continued 
until only a clear, colourless liquid remains in the generating flask. 

In order to obtain a concentrated solution of hydriodic acid, 
the liquid in the receiver is distilled. At first a few cubic centi- 
metres of water pass over at 100°, then the temperature rises in 
a short time to 125°; the concentrated acid passing over up to 
130° is collected separately. This boils for the most part at 127°. 

This experiment teaches much concerning the chemistry of 
phosphorus and iodine. First, it shows that iodine and phos- 
phorus unite directly with a vigorous reaction, to form phosphorus 
tmodide: 

P-f 3l = Pl3. 

The iodide then decomposes with water, to form hydriodic acid, 
which is evolved, while the phosphorous acid (HjPOj) remains in 
the flask : 

P |ir+3H[ .OH = 3HI + PHsOa. 

The gaseous hydriodic acid is an intensely filming substance, 
which may be easily shown by removing the cork from the 
receiver containing the aqueous acid, for a moment. Hydriodic 
acid is absorbed by water with great avidity. The acid, boiling 
constantly at 127°, contains approximately 50% of anhydrous 
hydriodic acid. 

In this experiment it is observed that the connecting tubes of 
the apparatus, especially those between the generating flask and 
the U-tube become coated with crystals of a diamond-like bril- 
liancy. These are crystals of phosphoniura iodide, PH4I, which is 
formed by the decomposition of phosphorous acid. 

It is a common property of all the lower oxidation products 
of phosphorus, to pass over to the highest oxidation product — 
phosphoric acid, with the evolution of phosphine on heating. 
With phosphorous acid, the reaction takes place as follows ; 

4PH,03 = 3H,PO,-l-PHs. 
The phosphine thus formed unites, since it possesses weak basic 
properties, with hydriodic acid, to form phosphonium iodide 1 
PH, + HI=PH^. 
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Since this may easily clog the connecting tubes, the t 
selected are as wide as possible. On cleaning the tubes whkB 
water, this reacts with the phosphonium iodide with the evolutionj 
of phosphine, a gas with a garlic-like odour, and which in tMal 
case is not spontaneously inflammable. The phosphonium iodide fl 
decomposes with water into its components, in accordance witfi I 
this equation : 

PH,I = PH, -f 

This reaction, as is well known, is employed for preparing pure 
phosphine which is not spontaneously inflammable. 

fi, AMMOBIA 

Gaseous ammonia is prepared most conveniently by heatin 
the rHitst concentrated ammonia solution in a flask over a « 
gauze with a small flame. In order to dry the gas, it is passei 
through a drying tower filled with soda-lime. (See Fig. 66.) 

e, lOTHODS ACID 

For the preparation of gaseous nitrous acid, arseoious a 
broken into pieces the size of a pea, is treated with nitric i 
sp. gr. 1.3, and heated gently on a wire gauze with a free f 
(under the hood). In order to condense the nitric acid ca: 
along with the gases, an empty wash-bottle, cooled by cold wati 
is employed. (See Fig. 81.) 

7. PHOSPHORUS TEICHLORIDE 

Under water, in a porcelain mortar, cut 40 grammes of y 
phosphorus, with a knife or chisel, into pieces which will e 
veniently pass into the tubulure of a 300 c,c. retort. After the jj 
in the retort has been displaced by dry carbon dioxide (Fig. SvM 
each single piece of phosphorus is taken from the water by pince 
and dried quickly by pressing it between several layers of filta 
paper, and immediately placed in the retort, care being taken t 
prevent it from becoming ignited by friction in the opening Q 
the tubulure. As soon as all the phosphorus has bees t 
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to the retort, the lubulure is connected with a delivery tube which 
lu must move easily in the corit, and a moderately rapid current of 



b 




dry chlorine passed over the phosphorus ; phosphorus chloride ia 
thus formed with evolution of heat and light. If crystals of phos- 
phorus pentachlohde should collect in the neck of the letort, tha 
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delivery tube is pushed somewhat farther into the retort. I^ on 

the other hand, phosphorus distils to the upper part of the retort, 
the tube is somewhat raised. The phosphorus trichloride con- 
densing in the receiver is distilled from a dry fractionating fladL 
Boiling-point, 74°. Yield, 125-^40 grammes. 



I 



B. PH0SFH0R1TS OXYCBLORIDE 1 

To 100 grammes of phosphorus trichloride, contained in a large 
tubulated retort connected with a condenser, add gradually, in 
small portions of about 2-3 grammes, 
32 grammes of finely pulverised potas- 
sium chlorate. After each addition, 
wait until the liquid bubbles up, before 
adding a new quantity. If, on the 
addition of the first portion, no reac- 
tion takes place, it is started by a gentle 
warming. During the addition, no 
liquid should distil into the receiver, 
but if this does happen, it is poured 
back into the retort. After all of the 
chlorate has been added, the phos- 
phorus oxychloride formed is distilled, 
by heating the retort in an oil-bath, 
to 130°, or with a luminous flame. A 
suction-flask is used as a receiver; 
this is firmly connected with the end 
of the condenser, by means of a cork. 
The distillate is rectified from a frac- 
tionating flask provided with a thermometer. 
Yield, loo-iio grammes. 



9. PHOSPHORUS PENTACHLOBIDS 
Through the upper delivery tube of an apparatus similar to A 
presented in Fig. 88, a stream of dry chlorine is admitted, wn 
1 J, pr. Ch. 1B83. \d\\o\. aa,^ 
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s out of the lower, right-angled tube. From time to time, 
ubic centimetres of phosphorus trichloride are allowed to 
) the bottle from a separating funnel, ujion which the 
faloiide unites with the chlorine to form the solid pentachloride. 
e this operation can be repeated, as soon as it is evident that 
is completed, any desired quantity of phosphorus penta- 
joride can be prepared. Should the delivery tube become 
^ed up, it is cleared by the glass rod with which the apparatus 
provided. As the quantity of the pentachlotide formed in- 
ases, the tube is correspondingly raised. Yield, quantitative. 

10. SULPHUROUS ACID 

Gaseous sulphurous acid is generated in an apparatus similar to 
the one represented in Fig. 82, by adding to a concentrated water 
solution of sodium hydrogen sulphite a cold mixture of equal parts, 

y volume, of water and concentrated sulphuric acid, drop by drop. 

Tie generating flask If shaken frequently, to keep the contents 

nm separating into layers. 

11. SODnlH 

I (a) To cut Sodium. — In order to divide sodium into small 

jrtions, it can be cut into scales with a knife, or pressed out into 

; with a sodium-press. To cut it into scales, an apparatus 

3 that represented in Fig. 89 is convenient. After both 

sides of the knife and the front part 

of the table have been coaled with 

a thin layer of vaseline, a long stick 

of the metal to be cut, the end of 

which is wrapped in filter-paper, in 

order that it may be handled, is 

placed on the table so that it projects 

somewhat over the front end; it is 

^°' ^9- then cut with a short stroke of the 

knife. On the front part of the lower platform is placed a small 

dish filled with ether or ligroin, into which the scales fall. When 
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using the knife, two points are to be especially observed. The 
eye is never placed in front of the knife, but always behind it, so 
that the fingers holding the sodium can always be seen. Only in 
this way can a wound be prevented. Further, the cross-section 
of the piece of sodium must not be too large^ otherwise the metal 
adheres' to the knife. Quadratic scales, the edge of which must 
not, at most, be more than 5-6 mm. long, are cut. With a little 
practice, large quantities of the metal can be cut in very thin 
scales in a short time. 

The sodium residues are not thrown into water nor into waste- 
jars, but are dropped into alcohol contained in a beaker or flask. 

{b) Sodium Amalgam, — Sodium scales, about the size of a 
20-cent piece, are pressed to the bottom of mercury contained in 
a porcelain mortar, in rather rapid succession, by means of a short, 
moderately thick glass rod, drawn out to a point and bent at a 
short right angle. The scales are speared on the glass rod (under 
the hood ; eyes protected by spectacles ; hands, with gloves). 

The mercury may also be warmed in a porcelain casserole on 
the water-bath (60-70°), and, without further heating, small 
pieces of sodium, the size of a half bean, are thrust to the bottom 
of the vessel with the aid of a glass rod. 

12. ALUMINIUM CHLORIDE 

A wide tube, diameter 1^2 cm., of hard glass drawn out to 
a narrow tube, is at one end connected by means of a cork 
with a wide-neck so-called ''salt bottle" (Fig. 90). The cork 
with which this is closed is supplied with a second, smaller hole, 
bearing a delivery tube of at least 9 mm. diameter, extending 
to the centre of the receiver. The tube is half filled (half of 
its cross-section) with aluminium shavings, which have been 
previously freed from oil by boiling with alcohol and then dried 
in an air-bath at 120°; an asbestos plug is placed at each end 
of the layer. A rapid current of hydrochloric acid gas, most 
conveniently obtained from a Kipp apparatus charged with fused 
ammonium chloride and concentrated sulphuric acid, is passed 
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through the apparatus. Care must be taken that the drying flask 
containing sulphuric acid is not too small, sin<:e the acid foams 
easily. As soon as the air is driven out ot the apparatus, — this 
has been accomplished when the gas evolved is completely 
absorbed by water (a piece of rubber tubing is attached to the 
tube, and the gas tested from time to time by immersing the end 
of the tubing in water in a beaker), - the tiilie is heated in a com- 
bustion fiimace throughout its entire length, at first with small 
flames, which are gradually increased (Fig, i)o). When the flames 
have reached a certain size, white vajjours of aluminium chloride, 
condensiDg in the receiver, are noticed. The reaction in ended 
as soon as the aluminium, except fot a small, dark-coloured mi* 






FIG. 9a 

due, disappears. For the success of the preparation, the following 
points are particularly observed : (i) All parts of the (ipparaliiB 
must be perfectly dry. (a) The air must be removed an com- 
pletely as possible, since, otherwise, an explosion of oxygen and 
hydrogen may take place. (3) The portion of the tube extend- 
ing beyond the furnace must be as short as possible, to prevent 
the aluminium chloride from condensing in it, which results in a 
stopping up of the apparatus. In order that the cork may not 
bum, it is protected by an asbestos plate, provided with a circular 
hole in the centre. (4) The aluminium must not be heated to 
melting. If this should happen at any particular point, the flames 
must be immediately lowered, (5) The hydrochloric acid cur- 
rent must be extremely rapid. One should not be able to count 
single bubbles of the gas, but they should follow one another 
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uninterruptedly. The evolution of a small quantity of a smoky 
vapour from the outlet-tube will always occur, but the greatest 
part of the aluminium chloride is condensed even if the hydro- 
chloric acid rushes through the wash- bottles. Should the first 
experiment be unsuccessful, in consequence of a stoppage of the 
tube, the method for correcting this will readily suggest itself. 

Recently it has been shown that it is better to use for the re- 
ceiver an iron tube 25 cm. long and 4 cm. wide (inner diameter). 
To one end of this is welded a narrower tube, 2 cm. long; by 
filing it on the inside the end is given a somewhat conical shape j 
it is selected of such a diameter that the glass tube can be fastened 
in it with a few turns of asbestos paper. The end not narrowed 
is closed by a cork bearing a glass tube as wide as possible lead- 
ing to the hood. A receiver of this kind is advantageous because 
the glass tube can be heated strongly to its extreme end, and thus 
a stopping up of the apparatus may be entirely prevented. If the 
iron tube should become too hot, a wet towel is placed on it and 
moistened from time to time. 

The aluminium chloride condensing in the receiver is preserved 
in well-closed bottles, or best, in a desiccator. 

13. LEAD PEROXIDE 

In a large porcelain dish dissolve, with heat, 50 grammes of 
lead acetate in 250 c.c. of water, and treat with a solution of 
bleaching-powder, prepared by shaking 100 grammes of bleaching- 
powder with \\ litres of water and -filtering, heat not quite to 
boiling, until the precipitate, bright at first, becomes deep dark 
brown. A small test-portion is then filtered hot, and the filtrate 
treated with the bleaching-powder solution and heated to boiling ; 
if a dark brown precipitate is formed, more of the bleaching- 
powder solution is added to the main quantity, and it is heated 
until a test gives no precipitate with the bleaching-powder solution. 
The main quantity of the liquid is separated from the heavy pre- 
cipitate by decantation ; the latter is washed several times with 
water (decantation), and then filtered with suction; the precipi- 
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tate is washed repeatedly with water. The lead peroxide is not 
dried, but is preserved in a closed vessel in the form of a thick 
paste. 

Value Determination, — In order to determine the value of the 
paste, a weighed portion is heated with hydrochloric acid, the 

chlorine evolved is passed into a solution of potassium iodide, 

N 
and the liberated iodine is titrated with a — solution of sodium 

10 

thiosulphate (refer to a text-book on Volumetric Analysis). The 
determination, carried out as follows, is sufficiently accurate for 
preparation work : On an analytical balance weigh off exactly 6.a 
grammes of pure, crystallised sodium thiosulphate ; this is dis- 
solved in enough cold water to make the volume of the solution 
just 250 c.c. In a small flask weigh off 0.5-1 gramme of the 
peroxide paste ; treat this (with cooling) with a mixture of equal 
volumes of concentrated hydrochloric acid and water ; the flask 
is immediately connected with a delivery tube, and this is inserted 
in an inverted retort, the neck of which has been expanded to a 
bulb, and which contains a solution of four grammes of potassium 
iodide in water. When heat is applied to the flask, chlorine is 
generated, which liberates iodine from the potassium iodide. 
Afler the end of the heating, care is taken that the potassium 
iodide solution is not drawn back into the flask. The contents 
of the retort are then poured into a beaker and treated with the 
thiosulphate solution from a burette until the yellow colour of 
the iodine just disappears. Since a molecule of the peroxide 
liberates two atoms of iodine, a cubic centimetre of the thiosul- 
phate solution corresponds to — — ^ = .012 gramme pure lead 
peroxide. 

14. CUPROUS CHLORIDE 

Heat a solution of 50 grammes of copper sulphate and 24 
grammes of salt to 60-70**. Into this conduct a current of sulphur 
dioxide until the precipitate of cuprous chloride no longer increases. 
The precipitate is filtered with suction and washed, first with sul- 
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phurous acid and then with glacial acetic acid until it runs through 
colourless. The moist preparation is then heated in a shallow 
porcelain dish or a large watch crystal on the water- bath until the 
odour of acetic acid cannot be detected. It is preserved in a well- 
closed flask. 



15. DETERMINATION OF THE VALUE OF ZINC DUST 

From a weighing- tube pour into a lOO c.c. round flask o.i 
gramme zinc dust (exact weighing) and add a few cubic centi- 
metres of water. The flask is closed by a good three- hole cork. 
In the middle one is inserted a small dropping funnel ; the sid^ 
holes carry the inlet and outlet tubes (Fig. 91). The stem of 

the funnel is previously filled with water by open- 
ing the cock, immersing the end in water and 
applying suction. The inlet tube is connected with 
a Kipp carbon dioxide generator, and the outlet 
tube with a nitrometer charged with a solution of 
caustic potash. Carbon dioxide is passed into the 
apparatus until all the gas escaping from the outlet 
tube is absorbed by the potash. The current of 
carbon dioxide is then lessened and from the drop- 
ping funnel a mixture of 10 c.c. of concentrated 
hydrochloric acid and 10 c.c. water containing a 
few drops of platinic chloride, is allowed to flow in on the zinc 
dust ; the flask is finally heated. From the volume of hydrogen 
obtained the percentage of zinc in the zinc dust may be calcu- 
lated. The individual operations of this analysis are conducted 
as described under " Determination of Nitrogen." 




Fig. 91. 
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Abbreviations, 395. 

Acetacetic ester, 179. 

Acetaldehyde, 16^. 
/iVcetamide, 151./ 
*^Acetanilide, 145. 

Acetic anhydride, 147. 

Acetic ester, 157. 

Acetonitrile, 155. 

Acetyl chloride, 141. 

Active mandelic acid, 309. 

Aldehyde, 167. 

Aldehyde-ammonia, 169. 

Alizarin, 367. 

Aluminium chloride, 386. 

Amidoazobenzene, 265. 

Amidodimethyl aniline, 258. 

Ammonia, 382. 

Ammonium eosin, 360. 

Aniline, 215. 

Animal charcoal, 50. 

Anthracene, 369. 

Anthraquinone, 370. 

Antipyrine, 255. 

Autoclaves, 68. 

Azines, 303. 

Azobenzene, 226. 

Azo dyes, 256. 

Azoxybenzene, 226. 

Beckmann's Reaction, 320. 
Benzal chloride, 298. 
Benzaldehyde, 298. 
Benzamide, 318. 
Benzene from aniline 237. 
Benzene from phenylhydrazine, 250. 
Benzenesulphinic acid, 287. 
Benzcnesulphon amide, 280. 



Benzenesulphon chloride, 980. 

Benzcnesulphonic ucid, aSo. 

Benzhydrol, 348. 

Benzidine, 331. 

Benzil, 306. 

Benzoic acid, 299, 303, 348. 

BenzoTcphenylester, 318. 

Benzoin, 304. 

Benzophenone, 320. 

Benzophenone oximc, 320. 

Benzotrichloride, 300. 

Benzoyl chloride, 317. 

Benzyl alcohol, 303. 

Benzyl chloride, 300. 

Bitter almond green, 356. 

Boiling-point, corrections of, 32. 

Bomb-frimace, 66. 

Bomb-tubes, 63. 

Brombenzene, 271. 

Bromethane, 131. 

Bromine carrier, 273. 

Bromine, determination of, 80, 128. 

Briihl's apparatus, 15, 27. 

Biichner funnel, 58. 

•• Bumping," 31. 

Butlerow's Synthesis, 146. 

Butyric acid, 185. 



Carbon, determination of, loi. 
Carbon monoxide, 332. 
Chloracetic acid, 163. 
Chlorine, 377. 
Chlorine, determination of, 80, ia8. 

Cinnamic acid, 313. 
Cleaning the hands, 76. 
Cleaning vessels, 75. 
Collidine, 371. 
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Collidinedicarbonic ester, 372. 
Congo-paper, 258. 
Crystallisation, i. 
Crystal violet, 364. 
Cuprous chloride, 389. 

Decolourising, 50. 
Diazoamidobenzene, 262. 
Diazobenzeneimide, 239. 
Diazobenzeneperbromide, 238. 
Diazo-compounds, 237. 
Diazonium compounds, 238. 
Diazotisation, 337. 
Dibrombenzene, 271. 
Dihydrocollidinedicarbonic ester, 371. 
Dimethylcyclohexenone, 203. 
Dinitrobenzene, 212. 
Diphenyliodonium iodide, 344. 
Diphenylmethane, 329. 
Diphenylthiourea, 234. 
Disazo dyes, 261. 
Distillation, 16. 
Distillation with steam, 37. 
Distribution coefficient, 46. 
Drying, 52. 
Drying agents, 53. 
Drying, of vessels, 75. 

Elementary Anal3rsis, Dennstedt's 

Method, 113. 
Eosin, 357. 
Ether, pure, 277, 348. 
Ethyl acetate, 157. 
Ethyl benzene, 276. 
Ethyl bromide, 131. 
Ethylidene bisacetacetic ester, 202. 
Ethylene, 191. 
Ethylene alcohol, 196. 
Ethylene bromide, 191. 
Ethyl iodide, 133. 
Ethyl malonic acid, 187. 
Ethyl malonic ester, 185. 
Extraction with ether, 44. 

Filter press, 59. 
Filtration, 56. 
Fittig's Synthesis, 276. 



Fluorescein, 357. 
Fractional crystallisation, ii. 
Fractional distillation, 23. 
Friedel-Crafts' Reaction, 320. 
Fuchsine-paper, 258. 

Gattermann-Koch Reaction, 331. 
Glycol, 196. 
Glycoldiacetate, 196. 
Grignard's Reaction, 348. 
Guanidine, 234. 

HalogenSt determinations of, 80, 128. 
Heating under pressure, 63. 
Helianthine. 256. 
Hofinann Reaction, 176. 
Hydrazobenzene, 226. 
Hydrazones, 254. 
Hydriodic acid, 379. 
Hydrobromic acid, 379. 
Hydrochloric acid, 377. 
Hydrocinnamic acid. 316. 
Hydrogen, determination of, loi, 113. 
Hydroquinone, 270. 

Inactive mandelic acid, 307. 
Iodine chloride, 165. 
Iodine, determination of, 80, 128. 
lodobenzenc, 244. 
lodoethane, 133. 
lodosobenzene, 244. 
Isodiazo compounds, 239. 
Isonitrile reaction, 222. 

Knoevenagel's ring closing, 202. 
Kolbc's Reaction, 344. ^ 

Law of Mass Action, 159. 
Lead peroxide, 388. 

Malachite gi-een, 354. 

Malonic ester, 185. 

Mandelic acid, 307. 

Mandelic nitrile, 307. 

Melting-point, determination of, 71. 

Methyl amine, 175. 

Methylene blue, 262. 
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Michler's ketone, 364. 
Monobrombcnzene, 271. 
Monochloraceticacid, 163. 

Naphthalcnesulphonic acid (p) , 290. 

Naphthol (/3),293. 

Nitroaniline, 215. 

Nitrobenzene, 212. 

Nitrogen, determination of, 90, 124. 

Nitrophenol (o and p) , 296. 

Nitroso benzene, 223. 

Nitrous acid, 382. 

Opening bomb tubes, 66. 
Osazones, 254. 
Oxybenzaldehyde (p), 341. 

Parkin's Reaction, 313. 
Phenol from aniline, 243. 
Phenyldisulphide, 290. 
Phenylhydrazine, 250. 
Phenylhydroxylamine, 223. 
Phenyliodide, 244. 
Phenyliodide chloride, 244. 
Phenyliodite, 244. 
Phenyl magnesium bromide, 350. 
Phenyl magnesium iodide, 348. 
Phenyl mercaptan, 289. 
Phenyl mustard oil, 233. 
Phosphorus oxychloride, 384. 
Phosphorus pentachloride, 384. 
Phosphorus trichloride, 382. 
Pipette, capillary, 43. 
Potassium acetate, 197. 
Potassium coUidine dicarbonate, 372. 
Potassium-iodide-starch-paper, 241. 
Pressure flasks, 68. 
Pukall cells, 59. 
Pyro-reaction, 374. 

Qualitative tests for carbon, hydrogen, 

nitrogen, sulphur, chlorine, bromine, 

iodine, jj. 
Quantitative determination of carbon 

and hydrogen, loi, 113. 
Quantitative determination of halogens, 

80, 128. 



Quantitative determination of 


nitrogen, 


90, 124. 
Quantitative determination of 


sulphur, 


86, 125, 127. 
Quinizarin, 365. 
Quinoline, 374. 
Quinone, 266. 
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■fy' 


Reduction of an azo dye, 256. 
Runge's Reaction, 221. 



Safety wash-bottle, 378. 

Salicylic acid, 344. 

Salicylic aldehyde, 340. 

• Salting out,' 49. 

Sandmeyer's Reaction, 249. 

Saponification of ethyl malonic ester, 

187. 
Schotten-Baumann Reaction, 318. 
Sealing of bomb-tubes, 63. 
Separation by extraction, theory of, 46. 
Separation of liquids, 43. 
Sodium, 385. 

Sodium acetate, anhydrous, 147. 
Sodium amalgam, 386. 
Sodium eosin, 360. 
Sodium knife, 385. 
Solubility product, 287. 
Solvents, 2. 
Steam distillation, 37. 
Sublimation, 14. 
Sulphanilic acid, 235. 
Sulphobenzide, 280. 
Sulphur, determination of, 86, 125, 127. 
Sulphurous acid, 385. 
Superheated steam, 41. 

Tarry matter, removal of, 50. 
Terephthalic acid, 337. 
Testing thermometers, 74. 
Tests for carbon, 77. 
Tests for halogen, 79. 
Tests for hydrogen, 77, 
Tests for nitrogen, 77. 
Tests for sulphiu*, 78. 
Thermometer, tests of, 74, 
Thiocarbanilide, 232. 
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Thiophenol, 287. 
Toluic acid, 335. 
Tolyl aldehyde, 331. 
Tolyl nitrile, 248. 
Trimethylpyridine, 371. 
Triphenylguanidine, 233. 



Vacuum distillation, 25. 
Volhard Tubes, 68. 

Xylenol (s) , 204. 

Zinc dust determination, 390. 
Zinc dust distillation, 369. 
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Ch-Z. = Chemiker Zeitung. 
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